2 ", : a 
puta nn fic sg at (oe 

“f fink wee “F 

ei A 


—_—— 


ae ail = . 

re a le 
ee ehdeter 
oy! 


wae 
are eat Beata = 


GENERAL MOTORS CORPORATION MILWAUKEE. WISCONSIN 53201 


CM SOFTWARE 


COLOSSUS 3 
(ARTEMIS REV 72) 

CM DSKY 
COMPUTER PROGRAMS 
COMPUTER ROUTINES 
VERB CODES 
NOUN CODES 
ALARM CODES 
OPTION CODES 
CHECKLIST CODES 
FLAGWORD BIT ASSIGNMENTS 
IMODES30 AND IMODES33 
OPTMODES 
RCSFLAGS 
DAPDATRI AND DAPDATR2 
CHANNEL BIT ASSIGNMENTS 
COMPUTER PROGRAM DESCRIPTION 


CM DSKY a 


UPLINK ACTY Light 


1. Is energized by the first character of a digital UPLiNK message received by the 
AGC. ee 


2. is energized during the Rendezvous Navigation program (P20} when the Tracking 
Attitude routine (R61) detects that a gimbal angie change of greater than 10 
degrees is required to align the CSM to the desired attitude and that the VSO N18 
fag is not set. 


3. Is energized in the Saturn TB-6 frnitiation program (P45) during the 10-second 
interval when the S-IV8 Injection Sequence Start bit (Channel 12, ost 13} 1s set. It 
| is deenergized at the end of the 10-second interva!. 


NO ATT Light —is energized when the AGC is in the Operate mode and there is no inertial 
| reference: that is, the iSS ts off, caged, or in the Coarse Align mode. 


STBY Light —is energized when the AGC is in the Standby mode and deenergized when the 
| AGC is in the Operate mode. 


KEY REL Light 
t. Energized when: 


+ 


a. An internal display comes up while astronaut has the OSKY. 


b. An astronaut keystroke is made when an internal flashing display ts currently 
on the DSKY. 


c. The astronaut makes a keystroke on top of (his own) Monitor Verb Display. 


2 Deenergized when: 
a. Astronaut relinquishes DSKY by hitting KEY REL button. 
b. Astronaut terminates his current sequence normally, for example, 
(1) With final ENTR of a load sequence. 
(2} The ENTR of aresponse to a ftashing display. 
(3) The ENTR of an extended verb request. 
OPR ERR Light — is energized when the DSK Y opetator performs an improper sequence of 
key depressions. The bight is deenecgized by pressing the RSET button. 


TEMP Light — The AGC receives a signal from the IMU when the stable member 
temperature is in the range 126.3 ° F to 134.3° F. In the absence of this signal, the TEMP 
light on the DSKY is actuated. 


GiMBAL LOCK Light —is energized when the middle gimbal angle exceeds + 70 degrees 
from its zero position. When the middle gimbal angle exceeds £85 degrees from its zero 
position, the AGC automatically commands the Coarse Align mode in the §SS to prevent 
gimbal oscillation (except when the S-!VB is attached). The NO ATT light will then be 
energized. 


PROG Light —The program alarm actuates the PROG light on the ODSKY. A program alarm 
is Generated under a variety of situations. 


RESTART Light — In the event of a RESTART during operation of a program, a latch is set 
; in the AGC which maintains the RESTART light on the OSKY untit the tatch is manually 
1 reset by pressing RSET. 


| TRACKER Light 


; Mg 1. The presence of an Optics CDU Fait signal will cause the TRACKER light to be 
ae energized. < 
7 , 2. In addition, the TRACKER light is energized during the Rendezvous Navigation 


By: program (P20) when the Rendezvous Data Processing routine {R22) reads VHF 


—— eee ; a Es = 


| a range data via the VHF DATA link but the DATA GOOD discrete is missing. 

oe age aie: 

Pe: FE 3. It is deenergized if the DATA GOOD discrete is present after reading VHF range 

ae aS data and by keying in V88E (shuts off the VHF range data processing section of 
i R22}. 


It is deenergized when the conditions of 1 above no longer exist. 
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CM DSKY (CONTINUE D} 


COMP ACTY Light —is energized when the AGC ¢s occupied with an internal sequence. 


Display Panel — consists of 24 electroluminescent sections. Each section is capable of 
displaying any decimal character or remaining diank, except the three sign sections. These 
dispiay a pius sign, a minus sign. or a blank. The numerical sections are grouped to form 
= three data display registers, each of five numerical characters; and three control display 
registers. each of two numerical characters. The data display regtsters are referred to as R1, 
R2, R3. The control display registers are known as VERB, NOUN, and PROGRAM. 


Keyboard —contains the folowing buttons: 


1. VERB — pushing this button indicates that the next two numerica? characters 
keyed in are to be interpreted as the Verb Code. 


2. NOUN - pushing this button indicates that the next two numerical characters 
keyed in are to be interpreted as the Noun Code. 


3. + and — — are sign keys used for sign convention and to identify decimat data. 


4, O-93 —are numerical keys. 
5. CLR — Used during a data loading sequence to clear or blank the data display 
register {R1, R2, R3} being used. ft allows the operator to reload the data word. 


6. PRO —This pushbutton performs two functions: 


a. When the AGC is in a Standby mode, pressing this button will put the AGC in 
the Operate mode, turn eff the STBY light, and automatically select Routine 
OO in the AGC. 


bi. When the AGC is in the Operate mode but Program 06 is not setected, pressing 
the button will @rovide the “’Proceed” function. If the proceed button is 
pressed when VERB lights contain 21, 22, or 23, the action is rejected and 
the OPR ERR light is energized. 


b2 When the AGC ts in the Operate made and Program 06 ts selected, pressing 
the button wilt put the AGC in the Standby mode and turn on the STBY 
light. 
7. ENTR —3is used in three ways: 


a. To direct the AGC to execute the Verb/Noun code now appearing on the 
Verb/Noun lights. mo 


b. To direct the AGC to accept a data word just loaded. ‘a, 
c. tn response to a ‘please perform’ request. 


8. RSET —turns off atarm conditions on the DSKY providing the alarm condition has 
been corrected. 


Cd 
G2 


4 
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PHASE 
Pre 
Jaunch 
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Service 


Boost 


Coast 


Pre- 
thrusting 


Thrusting 


Align- 
ment 


Entry 


Pre- 
thrusting 
Other 
Vehicle 
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LIST OF PROGRAMS FOR PROGRAM COLOSSUS 


PROGRAM 


PROGRAM TITLE 


AGC Idling 
Preftaunch or Service-Initialization 
Prelaunch or Service-Gyrocompassing 


Prelaunch or Service-Optical Verification of Gyrocompassing 


AGC Power Down 
System Test 


Earth Orbit Insertion Monitor 
TL jnitiate/Cutoff 


Universal Tracking 

Ground Track Determination 
Orbital Navigation 

Cistunar Midcourse Navigation 
Rate Aided Optics Tracking 
AGC Update 
Time-of-Longitude 


External Delta V 

CSM Height Adjustment Maneuver (HAM) 

CSM Coelliptic Sequence Initiation (CSt) 

CSM Constant Deita Altitude (CDH) 

CSM Trarsfer Phase Initiation (TPI) Targeting 
CSM Transfer Phase Midcourse (TPM) Targeting 


CSM Plane Change (PC) Targeting 
Return to Earth 

SPC Se 

RCS 


Thrust Nonitor 


IMU Orientation Determination 

IMU Realign 

Backup IMU Orientation Determination 
Backup {MU Realign 


Entry—Preparation 

Entry—CM/SM Separation and Preentry Maneuver 
Entry—Initiatization 

Entry—Post 0.05G 

Entry—Upcontrol 

Entry—Ballistic 

Entry—Final Phase 


L MCoeliiptic Sequence initiation (CS1) 

i MConstant Delta Altitude (CDH) 

LM Transfer Phase initiation (TP!} Targeting 
LM Transfer Phase (Midcourse) Targeting 
LM Target Delta V 

CSM Target Delta V 

Rendezvous Final Phase 


a a Sm RR ge ge 


i = er x 
ee a tk i 
= om. 


ROUTINE 


00 
01 
02 
03 
05 
07 
21 

22 
23 
30 
31 

33 
34 
35 
36 
40 
41 

50 
52 
53 
54 
55 
56 
57 
60 
61 

62 
63 
67 
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LIST OF ROUTINES FOR PROGRAM COLOSSUS 
ROUTINE TITLE 


Final Automatic Request Terminate 
Erasable and Chamel Modification Routine 
IMU Status Check 

Digital Autopilot Data Load 

S-Band Antenna 

MINKE Y Controller 

Rendezvous Tracking Sighting Mark 
Rendezvous Tracking Data Processing 
Backus Rendezvous Tracking Sighting Mark 
Orbit Parameter Display 

Rendezvous Parameter Display Routine No. 1 
AGC/LGC Ciock Synchronization 
Rendezvous Parameter Dispiay Routine No. 2 
Lunar Landmark Selection 

Rendezvous Out-of-Plane Display Routine 
SPS Thrust Fail 

State Vector Integration (MID to AVE) 
Coarse Align 

Automatic Optics Fositigniog ** 

Sighting Mark 

Sighting Mark Display 

Gyro Torquin 

Alternate LOS Sighting Mark 

Optics Calibration 

Attitude Maneuver 

Tracking Attitude 

Crew-Defined Maneuver 

Rendezvous F inal Attitude 

Universal Tracking Rotation 
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LIST OF VERBS USED IN PROGRAM COLOSSUS 


REGULAR VERBS 


CO Notinuse 

01 Display Octal Component 1# in R1 
: 02 #£Display Octal Component 2 in R1 
id 03 Disptay Octal Component 3 in R1 

04 Display Octal Components 1, 2 in Rt, R2 

O05 #£Dispiay Octal Components 1, 2,3 in R1, R2, R3 

O06 Display decimal in R1 or R1, R2 or R1, R2, R3 

07 Display DP decimal in R1, R2 {test onty) 


f O08 Spare | 
| OS Spare 
10 Spare 


11 Monitor Octal Component 1 in R1 

12 Monitor Octal Component 2 in R1 

13. Monitor Octal Component 3 in R1 

14 Monitor Octal Components 1, 2 in R1, R2 

15 Monitor Octal Components 1,2, 3in R1, R2, R3 
16 Monitor decimal in R1 or R1, R2 or R1, R2, R3 
17. Monitor DP decimal in R1, R2 {test only) 


18 Spare 
19 Spare 
20 Spare | 


| 21 Load Component 1 into R1 

' 22 Load Component 2 into R2 

i! 23. Load Component 3 into R3 

: 24 Load Components 1, 2 into R1, R2 
qi 25 Load Components 1, 2, 3 into Ri, R2, R3 


H 26 Spare 
- 27 Display Fixed Memory 
H 28 Spare 
h 29 Spare 


30 Request EXECUTIVE 
31 Request WAITLIST 
32 Recycle program 
33 Proceed without DSKY inputs 
34 Terminate function 
35 = Test lights 
36 Request FRESH START 
37 Change program (major mode} 
‘A 38 Spare 
3S Spare 
EXTENDED VERBS 
40 Zero |ICDU 
41 Coarse align CDU’s (specify N20 or N91} 
42 Pulse torque gyros 
43 Load JMU attitude error needles (test only} 
44 = Set Surface flag 
45 Reset Surface flag | 
46 Establish G & N autopilot control 
47 


ge 


' Move LM state vector tnto CM state vector 
t : 48 Request DAP Data Load routine (R03) 
i 49 = Start automatic attitude maneuver 


ti it, ae ee ee eo — 
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LIST OF VER8S USED IN PROGRAM COLOSSUS 
Please perform a 
Please mark 

Mark on offset landing site 
Please perform COAS mark 
Request Rendezvous Backup Sighting Mark routine (R23) 

Increment AGC time (decima!}) 

Terminate tracking (P20) 

Request display of full track flag (F ULTKFLAG) 

Reset Stick flag and set V50 N18 flag 

Please calibrate 

Set astronaut totai attitude (N17) to present attitude 

Display DAP fotlowing attitude errors (Mode 1) 

Display total attitude errors with respect to Noun 22 (Mode 2} 

Dispiay total astronaut attitude error with respect to Noun 17 (Mode 3) 
Request S-Band Antenna routine (ROS5) 

Optical verification of prelaunch alignment 

Vehicles are attached. Move this vehicle state vector to other vehicte. 
Start W-matrix RMS error display 

Spare F, 

Cause RESTART 

Update liftoff time (P27) 

Start AGC update; block address (P27) 


Start AGC update: single address (P27) 


Start AGC update; AGC time (P27) 

Initialize erasable dump via DOWNLINK 

Sackup liftoff 

Spare 

Spare 

Update prelaunch azimuth 

Spare 

Enable LM state vector update 

Enable CSM stete vector update 

Request Orbit Parameter display (R30) 

Request Rendezvous Parameter display No. 1 (R31) 
Spare 

Request Rendezvous Parameter display No. 2 (R34) 
Reject Rendezvous Backup Sighting Mark 

Set VHF Range fleg 

Reset VHF Range ftag 

Request Rendezvous Final Attitude maneuver (R63) 
Request Out of Plane Rendezvous display (R36) 
Display BANKSUM 

Spare 

Enable W matrix initiatization 

Perform Cislunar Attitude maneuver 

Spare 

Terminate integration and go to POO 

Pfiease perform engine-fail (R40) 

Spare 

Please Enable Engi ne Ignition 
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LIST OF NOUNS USED IN PROGRAM COLOSSUS 


Not in use 


Specify address (fractional} 


Specify address (whole) 


Specify address {degree} 


Spare 
Angular error/difference 


Option code tD 
Option code 


FLAGWORD operator 
ECADR 
BIT ID 
Action 
Alarm data 
ADRES 
BBANK 
ERCOUNT 
Alarm codes 
First 
Second 
Last 
Channel to be specified 


TIG of CS! 


Option code (extended verbs oniy) 


TIG of CDH 


Specified inertial velocity at TLIt cutoff (VI C/O} 


Increment address 


Time of event (used by extended verbs only) 


Astronaut total attitude 


< UD 


XXXXX fractional 
XXKXXX fractional 
XXXXX fractional 


XXXXX. integer 
XXXXX. inrveger 
XXXXX. integer 


XXX.XX deg 
XXX.XX deg 
XXX.XX deg 


XXX.XX deg 


Octal 
Octal 


Octal 
Octal 
Octal 


Octal 
Octal 
Octal 


Octal 
Octal 
Octal 


Octal 


OOXXX.h 
OO0OXX. min 
OXX.XXs 


Octal 
Octal 


OOXXX.h 
000 XX. min 
OXX.XXs 


XXXXX.ft/s 
Octal 
OOXXX.h 
000XX. min 
OXX.XXs 
XXX.XX deg 


XXX.XX deg 
XXX.XX deg 
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LIST OF NOUNS USED IN PROGRAM COLOSSUS 


18 Desired automaneuver FOAI bal! angies R KXKXX.KK deg 
Pp MKX.XX deg 
a MKX.XK deg 
19 Spare 
20 Present iCDU angles R(OG) XXX.XX deg 
! P(IG) XXX.XX deg 
Y (MG) XXX.XX deg 
21 PIPA’s » 4 XXXXX. pulses 
| ad XXXXX. pulses 
2 XXXXX. pulses 
, 22 Desired iCDU angles R (OG) XXX.XX deg 
P (iG) XXX.XX deg 
Y (MG} XXX.XX deg 
23 Spare 
24 Deita time for AGC clock OOXXX.h 
: 000X X. min 
; OXX.XXs 
| 25. CHECKLIST (used with V50} XXXXX. 
26 PRIO/DELAY, ADRES, BBCON Octal 
Octal 
Octal 
27 Self-test On/off switch MKXKKX. 
28 Spare 
29 XSM launch azimuth XXX.XX deg 
30 Target codes XXXXX: 
KKXKXKX. 
KKK KX. 
3t Time of W matrix initialization OOXXX.h 
OO0OX X. min 
OXX.XX s 
| 32 Time from perigee OOXXX. h 
| 000XX. min 
OXX.X& s 
| 
33. Time of ignition (GET!) OOXXX. h 
1 O0OXX. min 
| OXX.XX s | 
| 34 Time of event OOXXX.h | 
000 X X. min : 
OXX.XX s 
| 35 Time from event OOXXX. h | 
000X X. min j 
| OXX.XXs 
{ : 36 Time of AGC ¢lock OOXXX.h 
OO0OX X. min 


OXX.XX s 


: 
| 


oe 


an ee = 
==," 


37 


39 


41 


42 


43 


45 


47 


49 


51 


52 
53 


*Display cannot be changed via data load (that is, V25 NXXE, and so forth) 


# 
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LIST OF NOUNS USED IN PROGRAM COLOSSUS 


Time of ignition (TPI) 


Time of state being integrated 


Delta time for transfer 


Time from ignition/cutoff (TFI/TFC) 
VG 
Delta V (accumulated) 


Target 


Azimuth 
Elevation 


Apocenter altitude 
Pericenter altitude 
Deita V (required) 


Latitude 
Longitude 
Altitude 


Apocenter altitude 
Pericenter altitude 
TFF 

Marks (VHF/optics) 


Time from ignition of next burn 
Middle girnbal angle 


DAP configuration 
CSM weight 
LM weight 


Gimbal pitch trim 
Gimbal yaw trim 


Delta R 
Delta V 
VHF or optics code 


Splash error 

Perigee 

TFF 

S-band antenna angles 


(RHO) 
(GAMMA) 


Central angle of active vehicle 
Range 


Range rate 
Phi 


_XX b XX marks 
“XX b XX min/s 


OOXXX.h 
000 XX. min 
OXX.XX s 


OOXXX.h 
000 XX. min 
OXX.X%Xs 


OOXXX.h 
000K X. min 
OXX.MX 5 


XX b XX min/s | 
XXMM.X ft/s 
XXXX.X ft/s 


XKX.AXX deg 
XX.XXX deg 


XXXX.X nmi 
XXXX.X nmi 
XAXMX.M ft/s 


XXX.XX deg (+ north) 
XXX.XX deg (+ east) 
XXXX.X nmi 


XXXX.X nmi 
XXMX.X nmi 
XX b XX min/s 


XXX. X deg 


Octal . 
Octal 


XX XOX. Ibs 
XAXXXMX. Ibs 


XXX_XX deg a 
XXX.XX deg 


AMXX.X nmi sa 
XXXM.X ft/s 
0000 X. 


XXXXM.X nmi 
XXAX.X nmi 
xX b XX min/s 


XXX.XX deg 
XXX.XX deg 


XMX.XX deg 
XXX .XX nmi 


XXXX.X ft/s 
XXMA.XX deg 


—<——- 
—— on se 
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LIST OF NOUNS USED IN PROGRAM COLOSSUS 


54 Range XXX.XXK nmi 
Range rate XXXX.X ft/s 
ee Theta XXX.XX deg 
55 Perigee code 0000X. 
Elevation angie XXX.XX deg 
Central angle of passive vehicle XXX.XX deg 
56 Reentry angle XXX .XX deg 
Delta V XXXXX. ft/s 
57 Spare | | 
58 Pericenter aititude (post TP!) XXXX.X ami 
Deita V (TPt) XXXX.X ft/s 
Delta V (TPF) XXXX.X ft/s 
59 Delta V LOS 1 XXXX.X ft/s 
Delta V LOS 2 XXXX.X ft/s 
Deita V LOS 3 XXXX.X ft/s 
60 GMAX XXX.XXg 
VPRED XXXXX. ft/s 
GAMMA El XXX.XX deg (+ above} 
61 impact 
| Latitude XXX.XX deg (+ north) 
Longitude XXX.XX deg (+ east) 
j 
| Heads up/down +/- 00001 
| 62 Inertial velocity magnitude | ~~ X¥XXX. ft/s 
Altitude rate XXXXX. ft/s 
| Altitude above pad radius XXXX.X nmi 
63 * Range from Ei altitude to splash XXXX.X nmi 
| Predicted inertia! velocity XXXXX. ft/s 
Time from El altitude XX b XX min/s 
| 64 Drag acceleration XXX .XX g 
inertial velocity XXXXX. ft/s 
Range to splash XXXX.X nmi (+ is overshoot) 
i , 
65 Sampled AGC time COXXX.h 
(fetched in interrupt} 0GO XX. min 
OXX.XX s 
| 66 Commanded bank angle XXX.XX deg 
Crossrange error XXXX.X nmi (+ south) 


Downrange error XXXX.X nmi (+ overshoot) 


67 —_— Range to target XXXX.X nmi (+ overshoot) 


Present latitude XXX.XX deg (+ north) 

| Present longitude XXX.XX deg (+ east) 

: 68 Commanded bank angle XXX.XX deg 

: Inertial velocity XXXXX. ft/s 

Altitude rate XXXXX. ft/s 

; 69 Commanded bank angie XXX.XX deg 

Drag level XXX.XXg 

& Exit velocity XXXXX. ft/s 


*Display cannot be changed via data load (that is, V25NXXE, and so forth} 


| 
if 


70 


72 


73 


74 


756 


76 


77 


78 


79 


80 


81 


82 


83 


84 


87 


88 


"Display cannot be changed 


LIST OF NOUNS USED IN PROGRAM COLOSSUS 


Celestial body code (before mark} 
Landmark data 
Horizon data 


Celestial body code (after mark) 
Landmark data 
Horizon data 


Spare 


Aititude 
Velocity 
Flight path angle 


Commanded bank angle 
Inertial velocity 
Drag acceleration 


Delta altitude (COH)} 
Delta time (COH-CSI or TPI-CDOH) 
Detta time (TPt-COH or TPI-NOMTP!)} 


Spare 
Spare 


GAMMA 
RHO 
OMICRON 


P20 rotation rate 
P20 deadband 


Time from ignition/cutoft 
Velocity to be gained 
Delta V (accumulated) 


Delta VX (LV} 
Delta VY (LV) 
Oeita VZ (LV} 


Delta VX (LV} 
Delta VY (LV) 
Delta VZ (LV} 


Delta VX (body) 
Delta VY (body) 
Delta VZ {body} 


Detta VX (LV of other vehicle} 
Delta VY (LV of other vehicle} 
Deita VZ (LV of other vehicle} 


VGX (body) 
VGY (body) 
VGZ (body) 


Delta VX (LV) 
Delta VY (LV) 
Delta VZ (LV) 


Mark data 
Shaft angle 
Frunnion angle 


Celestial body unit vector 
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x 
Y 
A 


Octa? 
Octal 
Octai 


Octai 
Octal 
Ocial 


XxXXXXb. nmi 
XXXXX. ft/s 
XX X.XX deg 


XXX.XX deg 
XXXXX. ft/s 
XXX.XXg 


KKKK. KX aM 
xX b XX min/s 
XX b XX min/s 


XXX.XX deg 
XXX.XX deg 
XXX.XX deg 


X.XX XX deg/s 
XXX.XX deg 


XX b XX minis 
XXXXX. fals 
XXXXX. tds 


XXXX.X ft/s 
KXKXX.X ft/s 
XXKXXKX.X ftls 


XXXX.X fs 
XXXX.X ft/s 
XXXX.X ft/s 


XXXX.X ft/s 
XXXKX.X ft/s 
XXXX.X ft/s 


XXXX.X ft/s 
XXXX.X ft/s 
XXXX.X ft/s 


XXXX.X ft/s 
XXXKX.X ft/s 
XXXX.X ft/s 


XXXXX. fs 
XXXXX. ft/s 
XXXXX. ft/s 


XXX.XX deg 
XX.XXX deg 


XXKKX 
XKXKKX 
~KK KKK 


via data load (that ts, V25NXXE, and so forth) 


89 


91 


92 


93 


94 


95 


96 


97 


98 


99 
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LIST OF NOUNS USED #N PROGRAM COLOSSUS 


Landmark tatitude 
Landmark tongitude/2 
{ andmark altitude 


Rendezvous out of plane parameters 
Y (Active) 


Y DOT (Active) 
Y DOT (Passive) 


“Present optics angles 


Shaft 
Trunnton 


New optics angles 
Shaft 
Trunnion 


Delta gyro angles 


Alternate LOS 
Shaft angie 
Trunnion angle 


VI (P15) 


Y (CSM) 
YDOT (CSM} 
YDOT {tM} 


System test inputs 
System test results and input 


RMS in position 
RMS in velocity 
RMS option code | 


7 
7 


beta ap ct 


N<~x 


XX.XXX deg (+ north) — 
XX.XXX deg (+ east) 


XXX.XX nmi 


XXX.XX nmi 
XXXX.X ft/s 
XXXX.X ft/s 


XXX.XX deg 
XX.XXX deg 


xXXX.XX deg 
xX.XXX deg 


xX.XXX deg 
xX.XXX deg 
xX.XXX deg 


xXX.XX deg 
XX.XXX deg 


XXbxXX min/s 
XXXXxX. ft/s 
XXXXX. ft/s 


XXX.XX nmi 
XXXX.X ft/s 
XXXX.X ft/s 


XXXXX. 
XX XXX. 
XXXXX. 


MKKXKX. 


XKXKXXX 
XKXKXXX. 


XXXXX. ft 
XXXX.X ft/s 
XXXXX. 


& 


. 


ost © 8B *€ F @ 
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LIST OF ALARM CODES USED WIT# VO5 NOS 


FOR PROGRAM COLOSSUS 
PURPOSE 


No mark since last mark reject 

No inbits (Channel 16) 

Mark made but not desired 

Optics torque request with switch not at CMC 
Optics switch altered before 15-second ZERO 
time elapsed 

Optics torque request with optics not available 
Optics torque request with optics not ZEROED 
Optics CDU’s no good at time of mark 

Bad PIPA reading 

Zero encode not atlowed with coarse align 

+ gimbal tock 

ISS turn-on request not present for 90 seconds 
IMU not operating 


Coarse align error-drive > 2 degrees 

PIPA fait but PIPA is not being used 

IMU not operating with turn-on request 
Program using }MU when turned off 

Bad return from Stall routines 

IMU not aligned (no REFSMMAT) 

Desired gimbal angles yield Gimbat Lock 
Second MINKEY pulse torque must be done 
Target out of view (trunnion angle >90 degrees) 
Two stars not available 

Rendezvous navigation not operating 
W-Matrix overflow 


* Imaginary roots On first interation 


Perigee altitude after CSF<85 nmi earth orbit, 
35,000 feet moon orbit 

Perigee altitude after CDH < 85 nmi earth orbit, 
35,000 feet moon orbit 

CS/i to CDH time< 10 minutes 

CDH to TPI time <10 minutes 

Number of iterations exceeds loop maximum 
DV exceeds maximum 

No TIG for given elevation angle 

State vector in wrong sphere of influence 
Reentry angle out of jimits 

PiPA fail caused ISS warning 

AGC self-test error 

Downlink too fast 

Uplink too fast 

Phase table failure; assumeé erasable memory is 
destroyed 

ARCSIN-ARCCOS argument too large 

VG increasing 

IMU unsatisfactory 

IMU reversed 

V37 request not permitted at this time 
Overflow in Drift Test 


Bad IMU torque 


Insufficient time for integration, 
TtG was slipped 


SET BY 


SXTMARK 

SXTMARK 

SXTMARK 

Extended verb optics CDU 
T4RUPT 


Extended verb optics CDU 
T4RUPT 

SXTMARK 

SERVICER 

{MU mode switch 


T4RUPT 

IMU mode switch, [MU-2 
RO2, P51 

(IMU mode switch 

iMU mode switch, T4RUPT 
T4RUPT 

T4RUPT 

CURTAINS 

RO2, P51 

Fine Align, EMU-2 

P52 

R52 

P52, P54 

R21, R23 

INTEGRV 

P32, P72 

P32, P72 


P32).P72 


P32, P33, P72, P73 
P32, P72 
P32, P72, P37 
P32, P72 
P34, P74 

P37 

P37 

T4RUPT 
SELF-CHECK 
T4RUPT 
T4RUPT 
RESTART 


INTERPRETER 
$40.8 

P61, P62 

P61, P62 

V37 

Optical Prealignment 
Calibration 

Optical Prealignment 
Calibration 

R41 
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usST OF ALARM CODES USED W!TH VOS NOY 
FOR PROGRAM COLOSSUS 


CODE PURPOSE SET BY 
03777 }CDU fart caused the ISS warning T4RUPT 
04777 ICDU, PIPA fails caused the [SS warning T4RUPT 
07777 IMU fail caused the tSS warning T4RUPT 
10777 ~~ IMU, PIPA faits caused the ISS warning T4RUPT 
13777 IMU,!ICDU fails caused the ISS warning T4RUPT 
14777 IMU, tCOU, PIPA fails caused the SS warning T4RUPT 
20430 Integration abort due to subsurface state All calls to integration 
vector 
20607 No solution from Time Theta or Time-Radrus TIMETHET, TIMERAD 
20610 Lambda less than unsty P37 
21204 Negative or zero WAITLIST call WAITLIST 
21206 Second job attempts to go to sleep via PINBALL 
Keyboard and Display program 
21210 Two Programs using device at same time IMU Mode Switch 
24302 SQRT calied with negative argument INTERPRETER 
23501 Keyboard and Dispiay alarm during internal PINBALL 
use (NVSUB) 
| 234502 INegal flashing display GOPLAY 
23521 PO1 illegally selected PO1 
31104 Delay routine busy EXECUTIVE 
31201 Executive overfiow—no VAC areas available EXECUTIVE 
31202 Executive overflow —no core sets available EXECUTIVE 
| 31203 WAITLIST overflow—too many tasks WAIT LIST 
312171 lilegal snterrupt of Extended Verb SXTMARK, P23 


2X XX X—Indicates a go-to-routine OO type abort. 
3X XX X-indicates a ovailout type abort. 
Note: For VO5 NO9Y Displays: 
R1—-XXXXxX (first alarm to occur after last reset}. 


z R2—XXXXX (second alarm to occur after tast reset). 

ia R3-XXXXX (most recent alarm}: 

“a Depressing the RSET key on the DSKY will set R1 and R2 to zero, but not 

Bi affect R3. 4 

er *This alarm is dispiayed without the astronaut having to key in VOS NOQE. An astronaut —__ 
DOSY response is required by this alarm. 

* *This alarm is dispiayed without the astronaut having to key in VOS NOQE. No OSKY 
response is requ:red by this alarm. 


LIST OF OPTION CODES USED WITH V04 NOG/N12 
FOR PROGRAM COLOSSUS 


{The specified option codes witl be displayed in R1 in conjunction with Flashing 
V04 NOG/N12 to request the astronaut to load into R2 the option he desires.} 


mr faye se 


CODE PURPOSE INPUT FOR R2 PROGRAMS 
: | 
j 00001 Specify IMU orientation 1 = preferred, 2 = nominal, P50’s 
a 3= REFSMMAT, 4 = landing site k 
a 00002 Specify vehicle 1 = this vehicle, P21, R30 
{ 2 = other vehicle t 
00003 Specify tracking attitude 1 = preferred, 2 = +X-axis R63 
00004 Specify FULTKFLAG O = Full, VHE and optics P20 
setting 1° Partial, VHF or optics 
00007 Specify propulsion system 1 SPS. 2 = RCS P37 i 
00024 Specify P20 mode O > Rendezvous, (Vecpoint) P20 f 
1 = Celestiat body, {Vecpoint) t 
2 = Rotate | 


4 = Rendezvous, (3-axis) 
2 5 = Celestial body, (3-axis) 


CODE 


000723 
00014 
00015 
00016 
00017 
00020 
00041 
00062 
00202 
00204 


NOTES: 
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LIST OF CHECKLIST REFERENCE CODES USED WITH V50 N25 


FOR PROGRAM COLQSSUS 
ACTION TO BE EFFECTED 


Perform coarse alignment 

Key in fine alignment option 

Perform celestial body acquisition 

Key in Terntnate Mark sequence 
Perform MINKEY rendezvous sequence 
Perform MiNKEY PC pulse torquing 
Switch CM/SM separation to UP 

Key in AGC power down 
Perform GNCS automatic maneuver 
Perform SPS gimbal trim 


Switch—denotes change position of a console switch 
Perform—denotes start or end of a task 
Key In--denotes key-in of data through the DSKY 


' 


$ 
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FLAGWORD BIT ASSIGNMENTS (ALPHABETICAL) 
FOR COLOSSUS 


ADVTRK FWB B10 MIDAVFLG FW9 B2 

AMOONELG FWO B2 MtDFLAG FWO B13 

APSESW FW8 BS MKOVFLAG* FW4 B3 

| ASTNFLAG” FW7 B12 MOON FLAG FWO B12 

| ATTCHFLG* FW? B2 MRK!IDOFLG? Fwa B15 

| AUTOSEQ FW10 B77 MRKNVFLG FW4 B9 

AVEGFLAG FW! B1 MRUPTFLG* FW4 B5 
AVEM!IOSW FWS9 81 MWAITELG" FW4 B11 
AVFLAG FW2 BS NEEDLFLG FWO B9 

AZiIMFLAG FW11 88 NEWIFLG FW8 B13 
BURNFLAG FW10 B10 NEWLMFLG FWB B14 

| CALCMAN2 FW2 B2 NEWTFLAG FWS5 B10 

| CMDAPARM®? FW6 B12 NJETSFLG FW1 BtS 
CMOONFLG FW8s B12 NODOFLAG FW2 B1 

F CM/DOSTBY FW6 B2 NODOPO!1 FWt Bt2 
COGAFLAG FW8 B4 NORFHOR FWO B11 
COMPUTER FWS BS NORMSW FW7 B10 
CSISFLAG FW11 B6 NOSWITCH FW6 B7 
CULTFLAG FW3 B7 NRMIDFLG"* FW4 B13 
CYCG61FLG FWO B4 NRMNVFELG FW4 BB 
O6OROFLG FW2 B2 NRUPTFLG* Fwa B4 

| DAPBiT1 FW6 B15 NWAITFLG? FWw4 BtO 
DAPBIT2 FW6 B14 N220RN17 FW9 B6 
DIMOFLAG FW3 B1 ORBWFLAG FW3 B6 
DMENFLG FW5 Ba ORDERSW FW8 B6 
DRIFTFLG FW2 B15 PCFLAG FWw10 B81 
DSKYFLAG’ FWS B15 PCMANFLG FW10 32615 
EGSW FW6 88 PDSPFLAG FW4 B12 
ENG2FLAG FW1 B13 PFRATFLG Fw2 B4 
ENGONBIT FWS B7 PINSRFLG FW4 B6 
ENTRY DSP FW6 B13 PRECIFLG FW3 B88 
ERADFLAG FW B13 PRIODFLG® FW4 B14 
ETPIFLAG FW2 B7 PRONVEFLG FW4 B7 
FINALFLG FW2 86 PTV9O3FLG FW10 B64 
FIRSTFLG FW2 B87 POOFLAG FW3 B9 
FREEFLAG FWO B3 P21FLAG FW2 B12 
FULTKFLG FW10 B2 P22MKFLG FW3 B11 
F2RTE FWO B5 P24FLAG FW9 B14 
GAMDIFSW° FW6 B11 P24MKFLG Fw2 B3 
GLOKFAIL FW3 B14 P29FLAG FWO B1 
GONEBY FW7 BB P35FLAG FW10 BS 
GONEPAST FW6 B10 OUITFLAG FW9 BS 
GRRBKFLG FWS B5 RANGFLAG FW10 B9 
GUESSW FW B2 REFSMFLG FW3 B13 
GY MOIFSW* FW6 B1 REINYFLG FW10  3=B7 
HAFLAG FW11 B7 REJSCTFLG Fw10 B12 
HOSUPFLG FWitO B11 RELVELSW FW6 Bo 
HIND FW6 B6 RENOWFLG FWS B1 
{DLEFAIL FW B6 RETROFLG FW5 B14 
IGNFLAG* FW7 B13 RNOVZFLG FWO B7 | 
IMPULSW FW2 B9 RPOFLAG FWB B15 } 
IMUSE FWO sts} RVSW FW7 B9 t 
INCORFLG FWS Bt R2IMARK FW2 B14 i 
INFINFLG FWB B7 R22CAFLG* FW9 B87 | 
INRLSW FW6 B5 R31FLAG FW9 B4 ) 
INTELAG FW10 B14 R53FLAG FWO B6 
INTYPFLG FWw3 B4 R67FLAG FWS8 B2 
ITSW!CH FW7 B14 SAVECFLG FW9 B10 
JSWITCH FWO B14 SKIPVHE FWw2 B10 
KNOWNFLG FW6 BB SLOPESW FW B3 
LATSW FW6 B4 SLOWFLG FWS B13 
LMOONELG FW8 B11 SOLNSW FWS B3 
LUNAFLAG FW3 B12 SOURCFLG FW9 BB 
MANEUFLG FW10 BS STATEFLG FW3 BS 
MARKFLG FW] B4 STEE RSW FW2 B11 
MAXDBFLG FW9 B12 STIKFLAG FW B14 

; MGLVFLAG FWS B2 
; MID1IFLAG FW9 B3 


*These switches are never called by name. 


seeeiibineie eawernidcena: omen ee = — 


cought Sa, 


~urntrueiililiiemen 
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elem = 1 Seip 


\ 


STRULLSW 
SURFFLAG 
SWTOVER* 
S32.1F 1 

S32 .1F 2 
S32.1F3A 
S32.1F 3B 
TARGIFL& 
TARG2FLG 
TERMIFLG 
TEFSW 
TIMRFLAG 
TPIMNFLG 
TRACKFLG 
UTFLAG 
UPDATFLG 


UPLOCKFL * 


VEHUPFLG 


FLAGWORD BiT ASSIGNMENTS (ALPHABETICAL) 


FW6 
FWs 
FWS 
FW11 
FW11 
FW11 
FW11 
FW1 
FW1 
FW? 
FW7 
FW7 
FW10 
FW1 
FW8 
FW 
FW? 
FW 
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FOR COLOSSUS 


B13 
B8 
B15 
B15 
B14 
B13 
B12 
B10 
BS 
B15 
B1 
B11 
B3 
B5 
B9 
B? 
B4 
B8 


*These switches are never called by name. 


VERIFLAG* 
VFLAG 
VHFRFLAG 
VINTFLAG 
VNFLAG 
V37FLAG 
VS5ON 16F L 
VS5S9FLAG 
V82EMFLG 
VS4FLAG 
VSE6ONFLG 
XDELVFLG 
XOSPFLAG* 
ZMEASURE 
.O5GSW 
22D0SPFLG 
360SW 
SAXISFLG 


FW? 
FW3 
FW9 
FW3 
FW4 
FW? 
FW3 
FW5 
FW9 
FW9 
FW8 
FW2 
FW4 
FWO 
FW6 
FW2 
FWS 
FW5 


i 
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FLAGWORD BIT ASSIGNMENTS FOR COLOSSUS 


(FLAGWORD QO) E Address 74 


Bit 


13 


14 


15 


Name 


P29FLAG 
AMOONFLG 


FREEFLAG 
CYC61FLG 
F2RTE 
R53FLAG 
RNOVZFLG 
IMUSE 
NEEOLFLG 


ZMEASURE 


NORFHOR 
MOONFLAG 


MIOFLAG 


SSWITCH 


Not Used 


First pass through P29. 


State vector in funar sphere at 
MIOCTOAVE. 


(Temporary fiag used in many routines.) 
KALCMANU computes maneuver time 
In tyme critical mode. 

V51 initiated. 

P20 rendezvous option running. 

IMU in use 

Total attitude error displayed. 


Measurement planet and primary 
planet different. 


Far horizon. 
Moon is sphere of influence. 


Integration with solar perturbations. 


bntegration of W matrix. 


{F LAGWORD 1} E Address 75 


Bit 


1 


GJ 


Name 
AVEGFLAG 
GUESSW 
SLOPESW 


MARKFLG 
TRACKFLG 
IOLEF AIL 
UPDATFLG 
VEHUPFLG 
TARG2FLG 
TARGIFLG 
ENG2FLAG 
NOODOPO1 


1 
AVERAGEG (SERVICER) to continue. 
No starting vaiue for iteration exists, 


Iterate with dias method in 
iterator. 


Mark accepted. Mark reject is ok. 
Tracking allowed. 

Inhibit R40. 

Updating by marks allowed. 
CSM state vector being updated. 


Sighting landmark. 


Sighting LM. 


RCS burn. 


PO1 not allowed. 


Subsequent pass through P29. 


State vector in earth sphere at 
MIOFOAVE. 


KALCMANU executes maneuver. 


Not in time critical mode. 

V51 not initiated. 

P20 rendezvous option not running. 
IMU not in use. e 
A/P following error displayed. 


Measurement planet and primary 
planet same. 


Near horizon. 
Earth is sohere of infiuence. . 


Integration without sotar 
perturbations. 


Integration Of state vector. 


0 
AVE RAGEG (SERVICER) to cease. 
Starting vasue for iteration exists. 


Iterate with Regula Fatst method 
in iterator. 


No mark accepted. 

Tracking not allowed. 

Enable R40 (engine fai}). 
Updating by marks not atlowed. 
LM state vector being updated. 
Sighting star. 

Not sighting LM. 

SPS burn. 


POt allowed. 


CM-20 


—_— 


FLAGWORD BIT ASSIGNMENTS FOR COLOSSUS 


(F LAGWORD 1) (Continued) 


Bit 


13 


14 


15 


Name 


ERADFLAG 


STIKFLAG 


NJETSFLG 


1 


EARTH--compute Fischer ellipsoid 
radius. 


MOON —use fixed radius. 


RHC contro! or MGA >75— 
and P20 track inhibited. 


Two-jet RCS burn. 


(FLAGWORD 2) E Address 76 


Bit 


—) 


oO nn & W N 


10 


11 


42 


Name 


NODOFLAG 
CALCMAN2 
P24MKFLG 
PFRATEFLG 
AVFLAG 


FINALFLG 


FIRSTFLG 


ETPIFLAG 


XDELVFLG 


IMPULSW 
SKIP VHF 
STEERSW 


P2IFLAG 


V37 not permitted. 

Perform maneuver starting procedure 
New mark fromSXT mark. 

Preferred a titude computed. 

LM is ac ive vehicle. 


Last pass through rendezvous 
program computations. 


First pass through S409. 


Elevation angle supplied for 
P34/74. 


External Delta V VG computation. 


Minimum impulse burn {cutoff 
time specified), 


Disregard radar read becasue of 
sof ware or hardware RESTART. 


Steering to be done (P40}. 


Calculate time to SIVB ignition (P 15). 


Succeeding pass through P 21. use 
base vector for calculation. 


0 


EARTH -use fixed radius. 
MOON —use RLS for tunar radius 


O 
AGC controt and MGA< 75 


Four-jet RCS burn. 


V37 permitted. 

Bypass starting procedure 

No marking done. 

Preferred attitude not computed. 
CSM is active vehicle. 


Interim pass through rendezvous 
program computations. 


Succeeding pass through $40.9. 


TPI twme supplied for P34/P74. 


Lambert {AIMPOINT) VG computation. 


Steering burn (no cutoff time 
yet available). 


Radar read to proceed normally. 
Steering omitted (P40). 
Caiculate time to SiVB cutoff (P19/. 


First pass through P21. calculate 
base vector. 


i 


ss 


a 
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(FLAGWORD 2) (continued} 


Bit 


13 
14 


15 


Name 


22DPSFLG 
R21MARK 


DRIFTFLG 


; 


Display OR, OV. 


Rendezvous optics marking active. 


T3RUPT calls gyro compensation. 


{F LAGWORD 3) E Address 77 


Bit 


Name 


DIMOFLAG 
OGOROFLG 


VINTFLAG 
INTYPFLG 
STATEFLG 


ORBWFLAG 
CULTFLAG 


PRECIFLG 


POOFLAG 
VFLAG 


P22MKFLG 


LUNAFLAG 
REFSMFLG 
GLOKFAIL 


VSON18FL 


W matrix is to be used. 


Dimension of W.is 9 for 
integration. 


CSM state vector being integrated. 
Conic integration. 


Permanent state vector being 


updated. Aes nS 


= 1B rai 
co 1 i Fe pipe 


W matrix valid for orbital 
Navigation. 


Star occulted. 


CSMPREC, LEMPREC, or INTEGRVS 
calted. 


Inhibit backwards integration. 


Less than two stars in the fiefd 
of view. © 


P22/P24 downtinked mark data was 
just taken. 


Lunar latitude-longitude. 
REFSMMAT good. 
GIMBAL LOCK has occurred. 


Enable R6O attitude maneuver. 


FLAGWORD BiT ASSIGNMENTS FOR COLGSSUS 


0 


Do not display OR, DV. 


Rendezvous optics marking not active. 


T3RUPT does no gyro comfPensation. 


W matrix is not to be used. 


Dimension of W is 6 for 
integration. 


LM state vector being integrated. 
Encke integration. 


Permanent state vector not being 
updated. 


W matrix invalid for orbital 
integration. 


Star not Occulted 


INTGRV called. 


Allow backwards integration. 

Two stars in the field of view. 
P22/P24 downlinked mark data not 
just taken 

Earth latstude-longrtude 
REFSMMAT no good. 


Not in GIMBAL COCK. 


Inhibit R6O attitude 
maneuver. 


Bit 


1 


10 


11 


12 


13 
14 


15 


Bit 


item 
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FLAGWORD BIT ASSIGNMENTS FOR COLOSSUS 


Name 


XDSPFLAG’ 
VNFLAG 


MKOVFLAG* 


NRUPTFLG’ 


MRUPTFLG* 


PINBRFLG 


PRONVFLG 


NRMNVFLG 


MRKNVFLG 


NWAITFLG* 


MWAITFLG* 


POSPFLAG 


NRMIDFLG’ 
PRIODFLG* 


MRKIDFLEG* 


Name 


RENOWFLG 


Not Assigned 


SOLNSW 


Not Assigned 


GRRBKFLG 


(F LAGWORD 4) E Address 100 


Mark display not to be enterrupted 
VN Fiash display 

Mark dispiay over norma} dispiay,. 
Normal dispiay interrupted by 
priority or mark display. 


Mark display interrupted by 
priority display 


Astronaut has interferred with 
existing display. 


Astronaut using keyboard when 
priority display initiated 


Astronaut using keyboard when 
normal dispiay initiated. 


Astronaut using keyboard when 
mark display initiated. 


Higher priority display operating 
when normal dispiay initiated. 


Higher priority display operating 
when mark display tnitiated. 


Cannot enterrupt priority display 


Normal display in ENDI OLE. 
Priority display in ENDI OLE. 


Mark display in ENDIDLE. 


{FLAGWORD 5) E Address 101 


W matrix valid for rendezvous 
Navigat ton 


Lambert does not converge. or 
time-radius nearty circular. 


Backup GRR received. 


*These switches are never called by name. 


O 


No special mark information. 


GOFLASH display 


No mark display over normal 
display. 


Normal display not enterrupted by 
priority or mark dispiay. 


Mark display not interrupted by 3 
priority display. 


Astronaut has not enterferred with 
existing dispiay. 


Astronaut not using keyboard when 
priority display initiated. 


Astronaut not using keyboard when 
normal display initiated. 


Astronaut not using keyboard when 
mark display initiated. 


No higher priority display operating 
when normat display initiated. 


No higher priority disptay operating 
when mark display initiated. 


No normat display in ENDIDLE. 
No priority display in ENDIOLE. 


No mark display in ENDIDLE. 


W matrix invalid for rendezvous 
navigation. 


Lambert comverges or time-radius 
non circular. 


Backup GRR not recerved. 


Ig 


| 
| 
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(FLAGWORD 5) {continued} 


Bit 
6 
7 
8 
9 


10 


11 
12 
13 


14 


15 


Name 


3A XISFLG 
ENGONBIT 
COMPUTER 
OMENFLG 


NEWTFLAG 


INCORFLG 
V59FLAG 
SLOWFLG 


RETROFLG 


DSKYFLAG* 


; 


Maneuver specified by three axes. 
Engine turned on. 
Not used in program, 


Dimension of W s 9 for 
incorporation. 


New longitude iteration. 
Skip display. 


First incorporation. 
Calibrating for P23. 


P37 transearth coast slowdown 
is desired. 


P37 premareuver orbit is 
retrograde. 


Disptays sent to OSKY. 


{FLAGWORD 6} E Address 102 


Bit 


ao f£&& WwW N 


Name 


GYMDIFSW* 


CM/OSTBY 
.SGSW 
LATSW 
INRLSW 


HINO 


NOSWITCH 


KNOWNFLG 
EGSW 
RELVELSW 


COU differences and body rates 
computed. 


ENTRY OAP activated. 
Drag over 0.05g 
Downlift not inhibited. 


Initial roi! V(LV} attitude 
not held. 


Iterating of HUNTEST catcutation 


to be done after range prediction. 


Lateral roll maneuver inhibited in 
ENTRY. 


Landmark known. 
In final entry phase. 


Target ing uses earth-retative 
velocity. 


*These switches are never cailed by name. 


FLAGWORD B!T ASSIGNMENTS FOR COLOSSUS 


0 
Maneuver specified by one axis. 
Engine turned off. 
Not used in program, 


Dimension of W )s 6 for 
incorporation. 


Display normal. 


Second incorporation. 
Normal marking for P23. 


Slowdown is not desired 


Orbit is not retrograde. 


No displays to OSKY. 


COU differences and body rates 
not computed. 


ENTRY DAP not activated. 

Drag less than 0.05 g. 

Downlift inhibited. 

initial roll V(LV) attitude held. 
Iterating of HUNTEST calculations 
to be omitted after range prediction. 


Lateral roll maneuver permitted 
INENTRY. 


Landmark unknown. 
Not in final entry phase. 


Targeting uses inertial velocity. 


“Bit 


10 


11 
12 


13 


14 
15 


Name 


GONEPAST 


GAMDIFSW* 
CMOAPARM* 


ENTRYOSP 
STRULLSW 


DAPBI T2 
DAPBIT1 
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FLAGWORD BiT ASSIGNMENTS FOR COLOSSUS 


(FLAGWORD 6} (continued) 


Lateral control calculations 
to be omitted. 


Calculate GAMDOT. 


Aliow ENTRY firings and 
calculations. 


Do ENTRY display via ENTRYVN., 
Do STEERULL. 


(FLAGWORD 7} E Address 103 


Bit 


Oo MM & W N 


13 
14 


15 


Name 


TFESW 
ATTCHFLG® 
VERIFLAG® 
UPLOCKFL* 
Not Assigned 
V37FLAG 


Not Assigned 
GONEBY 
RVSW 


NORMSW 


TIMRFLAG 
ASTNFLAG* 
IGNFLAG* 
ETSWICH 


TERMIFLG 


Calculate TPERIGEE. 

LM, CM attached. 

Changed when V33E occurs at end of P27. 
K-K-K fail. 


AVERAGEG (SERVICER) running. 


Passed target. 


Do not compute final state vector 
in time-theta. 


Unit normal input to Lambert. 


CLOKTASK operating. 
Astronaut has OKed ignition. 
TIG has arrived. 


Accept next Lambert TPI search 
solution. 


Terminate R52. 


*These switches are never called by name. 


Lateral contro! calculations 
to be done. 


GAMDOF not to ve calculated. 


inhibit ENTRY firings anc. 
control functions. 


Omit ENTRY display. 
Do ULAGEOFF only. 


DAP selection indicator. 


Calculate TFF. 
LM. CM not attached. 


No K-K-K fail. 


AVERAGEG (SERVICER) off. 


Approaching target. 


Compute final state vector in 
time-theta. 


Lambert computes its own unit 
normal. 


CLOKTASK inoperative. 
Astronaut has not OKed ignition. 
TIG has not arrived. 


Test Lambert answer against 
limits. 


Do not terminate R52. 
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{FLAGWORD 8) E Adcircess 104 


Bit 


11 


12 


13 
14 


15 


Name 


360SW 


R67FLAG 


VS6ONFLG 


COGAFLAG 


APSESW 


ORDE RSW 


INFINFLG 


SURFFLAC 
UTFLAG 


AOVTRK 


LMOONFLG 


CMOONFLG 


NEWIFLG 
NEWLMFLG 


RPQFLAG 


~—_ 


Transfer angle near 360 degrees. 


R67 rotation active 


POO integration has been inhibited 
by V96 


No conic solution, too close to 
rectalerear (COGA overftows)}. 


RDES!RED outside of PERICENTER- 


APOCENTER range in time-radius. 


iterator uses second order 
minimurn mode 


No conic sosution (closure 
through infinity tequired). 


LM on tus:ar surface 


P20 option 1,2, or 5 selected. 


Advance ground track sighting 
wanted. 


Permanent LM state vector in 
lunar sphere. 


Permanent CSM state vector in 
lunar sphere. 


First pass through integration. 


Delay rate computation after new 
landmark update 


RPQ not computed. 
(RPQ = vector between secondary 
body and primary body.} 


(FLAGWORD 9) E Address 105 


Bit 


1 


Name 


AVEMIDSW 


MIDAVFLG 


MIODIFLAG 


R31FLAG 


QUITFLAG 


N22ORN17 


4 


AVETOMID cailing for W matrix 
integration, Do not overwrite 
RN, VN, PIP TIME. 


[Integration entered from one of 
MIDFOAV portals. 


integrate to TDEC. 


R31 selected {(V83} 


Terminate and exit from 
integrat:on 


Comoute total attitude errors 
with respect to N22 (V62) 


FLAGWOR® 8:T ASSIGNMENTS FOR COLOSSUS 


Transfer angle not near 360 
degrees. 


R67? rotation inactive 


POO tntegration is proceeding 
regularly. 


Conic solution exists. (COGA 
does not overftow.) 


RDESIRED inside of PERICENTER- 
APOCENTER range tn time-radius. 


Iterator uses first order 
standard mode. 


Conrc solu tion ex ists, 


LM not on lunar surface. 


No advanced ground track. 
Permanent LM state vector in 
earth sphere. 


Permanent CSM state vector in 
earth sphere. 


Succeeding iteration of integration. 
Delay completed. 


RPQ computed. 


e) 


No AVE TFOMID W matrix imtegration 
Ailow setup of RN, VN, PIP FIME 


Integration was net entered via 
MIDTOAV. 


Integrate to tne then-present 
time. 


R34 selected (V85) 


Continue integration. 


Compute total attitude errors 
with respect toN17 (V63}. 


a a2 caer eee ee a ee hee Se ee = 
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FLAGWORPM BIT ASSt¢.NMENTS FOR COLOSSUS 


(Ft AGWORD 9Q} (contsnuegd) 


Sit 


7 


13 
14 


15 


Name 


R22CAFLG’ 


SORUCFLG 


VHFRFLAG 


SAVECFLG 


V94FLAG 


MAXDBFLG 


V82EMFLG 
P24FLAG 


SWTOVER 


1 


R22 1s processing an optics 
mark. 


Source of input data is from 
V4F radar, 


Allow R22 to accept range data. 


P23 display and data storage 
after mark is done 


V94 allowed during P23 


Maximum A/P Geadband setected. 


Moon vicinity 
P24 operating 


Switchover has occurred 


*These switches are never called by name. 


{FLAGWORD 10} E Address 106 


Bit 


S)) bm WD NY =~ 


nN oO 


14 


1S 


Name 


PCFLAG 
FULTKFLG 
TPIMNFLG 


PTVI3FLG 


MANEUFLG 


Not Assigned 
AUTOSEQ 
P35FLAG 
RANGFLAG 
BURNFLAG 
HOSUPFLG 


REJCTFLG 


REINTFLG 


INTFLAG 


PCMANFLG 


Plane change maneuver being targeted. 


Optics or VHF marks being taken. 
TP! targeting complete. 


W mateix to be initialized after 
maneuver 


No mark incorporation since 
targeting completed. 


MINKE Y auto-rendezvous. 
MCC targeting completed. 
Range< 327.67 nmi. 

CSM performed burn. 
Heads-up tracking attitude. 


Reject mark data being 
processed by R22. 


Restartable integration in 
process. 


Integration in process. 


Maneuver is post plane change 
or P79. 


0 


R22 ts not processing an optics 
mark. 


Source of tnput data is from 
optics mark. 


Stop acceptance of range data 


P23 display and data storage 
before mark is done 


V94not allowed 


Mininum A/P deadband selected. 


Earth vicinity. 
P24 not operating. 


No switchover yet 


Not plane change targeting. 
Optics and VHF marks being taken. 
TP! targeting not complete. 


W matrix initialized 


Mark incorporated. 


Manual rendezvous. 

MCC targeting not completed. 
Range > 327.67 nm 

LM performed burn. 
Heads:down tracking attitude. 
No mark rejected. 

No restartable sntegration 

in process 

Integration not in process 


Not post plane change or 
P79 maneuver. 


-_ 
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Fi,,GtVORS BIT ASSIGNMENTS FOR COLOSSUS 


(FLAGWORD 11) E Address 107 


Bit 


1-5 


12 
13 


14 
15 


Name 


Not Assigned 
CSISFLAG 
HAFLAG 
AZIMFLAG 
Not Assigned 


$32.1F38 
S32.1F3A 


$32.1F 2 
$32.1F 1 


Muitiele CSI targeting. Not multiple CSI. 
Height adjustment targeting. 


Three-axis tracking maneuver. Vecpoint tracking maneuver. 


(8its 12 and 13 function as an ordered pair (13, 12) indicating 
the possible occurrence of two Newton iterations for $32.1: 


{O, O} — First pass of second Newton iteration, 

(O, 1} — First Newton iteration being done, 

(1,0) — Remainder of second Newton iteration, 
(1, 1) — 50 ft/s stage of second Newton iteration.) 
First pass of Newton iteration. Reiteration of Newton. 


Deita V at CSt Time 1 exceeds Detta V at CS? Time 1 less 
maximum. than maximum. 


Not height adjustment maneuver. 
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FLAGWORD BIT ASSIGNMENTS FOR COLOSSUS 


IMODES39, a flag whose individual bits are used to control the monitoring of IMU 
functions associated with Channel 30 (and in a few cases Channel 33). 


Bit 
15- 


14 


13 


12 


13 


10 


Meaning 
Last sampled value of Channel 30, Bit 15 (O if IMU temperature within limits). 


Last sampled value of Channei 30, Bit 14 (0 if ISS has been turned on or commanded 
to be turned on). 


Last sampled value of Channel 30, Bit 13 (O if an IMU fail indication has been 
produced). 


Last sampled value of Channel 30, Bit 12 (O if an IMU CDU fail indication has been 
produced). 


Last sampled value of Channe! 30, Bit %1 (O if an IMU cage command has been 
produced by crew). 


Last sampled value of Channel 33, Bit 13 {0 if a PIPA fail indication has been 
produced), having the same value as Bit 13 of tMODES33. 


Last sampled value of Channel 30, Bit 9 (0 if IMU has been turned on and operating 
with no maifunctions). 


Bit used to control the IMU turn-on sequencing. 
Bit used to control the IMU turn-on sequencing. 


Bit is set to 1 to indicate that IMtJ initialization is being carried out. No Verb 37 
inputs will be processed while bit is equal to 1 and alarm 01520, is generated. 


Bit is set to 1 to inhibit the generation of program alarm 0212g if a PIPA fail signal 
(Bit 13 of Channel 33) is produced. 


Bit is set to 1 to inhibit generation of an ISS warning based on receipt of an IMU fail 
signal. 


Bit is set to 1 to inhibit generation of an ISS warning based on receipt of an {MU CDU 
fail signal. 


Bit ts set to 7 to indicate failure of the turn-on delay sequence for !MU turn-on (alarm 
0207¢ is also generated). 


Bit is set to 1 to inhibit generation of an ISS warning based on receipt of a PIPA fail 
signal (Bit 13 of Channel 33). 
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FLAGWORD BIT ASSIGNMENTS FOR COLOSSUS 


IMODES33, a flag whose individua! bits are used to control the monitoring of functions 
associated with Channel 33 (and other items). 


Bit 
15 
14 


13 
12 


11 


10-7 


Meaning 
Not assigned. 


Last sampled value of Channel 32, Bit 14 (0 if a Proceed command is given using the 
PRO button). 


Last sampled value of Channel 33, Bit 13 (0 if aPIPA fail has been produced). 


Last sampled value of Channel 33, Bit 12 (0 if a telemetry end pulse has been rejected 
because the downlink rate is too fast). 


Last sampled value of Channe} 3s, Bit 11 (O if an uplink bit has been rejected because 
the uplink rate is too fast). ae 


Not ass3gned. 

bas fe & 
Bit is set to 1 to indicate that {MU use ‘for vehicie attitude information should not be 
attempted. 


Bit is set to 1 in IMU Zeroing routine external to T4RUPT while zeroing is taking 
place (for an interval of about 8.22 seconds). 


Not assigned. 


Bit is set to 1 when a Verb 35 (“lamp test’) is received, and reset to 0 about 5 seconds 
tater. 


Soo i. =) pale « 


. 
———— = 
oe 
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FLAGWORD BIT ASSIGNMENTS FOR COLOSSUS 


— 


OPTMODES, a flag whose individual bits are used to control the performance of optics 
functions within the T4RUPT package. 


Bit 


15- 
11 


10 


Meaning 
Not Assigned 


Bit is set to 1? to indicate that zeroing of optics has been completed since the last 
FRESH START or RESTART (both of which set the bit to 0). If an attempt is made 


to drive the optics and this bit is found to be zero, alarm 0120g is generated (but 
computation proceeds). 


Not assigned. 


Not assigned. 


Last sampled value of Channel 30, Bit 7 (O if an optics CDU fail indication has been 
generated by the optics CDU hardware). If Bit 2 of this word is O, a Tracker alarm (Bit 


8 of OSPTAB + 11) is generated if this bit has a 1 to O transition. Bit is set to 1 by a 
FRESH START or RESTART. 


Not assigned. 


Last sampled value of Channe} 33, Bit 5 (0 if Optics Mode switch is set to CMC). 


Last sampled vajiue of Channe! 33, Bit 4 (0 if Optics Zero switch set to Zero). If Bits 
S-4= 115, the Optics Mode switch has been set to Manual. 


Bit js set to 1 when the Optics Zero switch is changed to Zero to indicate that zeroing 
of the optics is in progress. 


If bit is 1, then a switch out of Zero Optics mode will cause alarm 0116g to be 
generated (if switched to Manual, a “grace period’’ of about 5.3 seconds is provitied 
before the optics-zeroing time counter is reset, during which time a switchback to 
optics zeroing can be made). Bit remains 1 for about 16.2 seconds, and is then reset to 


O (at the same time that Bit 10 of this word is set to 1, and Bit 2 of this word is set to 
Q). 


Bit is set to 1 to inhibit generation of Tracker alarm (Bit 8 of ODSPTAB + 11) if Bit 7 
of this word goes from 1 to O. Bit is set and reset at the same time as Bit 3. 


Not assigned. 
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FLAGWORD BIT ASSIGNMENTS FOR COLOSSUS 


| RCSFLAGS, a flag whose individual bits are used in monitoring the RCS DAP. 


Bit Meaning 
15 Bit is set to 1 to indicate that a high rate (2 deg/s} auttomaneuver is in progress. Bit is 
reset to O to indicate that a high rate automaneuver is not in progress. 


14 = Bit is set to 1 if rate estimates are not good and a repeat of the rate filter initialization 
is required. Bit is reset to O if the G & N is in control and the IMU data is usabie. 
Approximately 1 second after the bit is reset to O the rate filter initialization is 

complete. 


4 13 Bit is set to 1 if the rate damping has not been completed on the rol! axis. Bit is reset 
as to O if the rate damping on the roll axis has been completed. 


12 Bit is set to 1 if the rate damping has not been completed on the pitch axis. Bit is reset 
to O if the rate damping has been completed on the pitch axis. 


14 Bit is set to 1 if the rate damping has not been completed on the yaw axis. Bit is reset 
to O if the rate damping has been compieted on the yaw axis. 


10,9 If either or both bits have been set to 1, there has been a change in the RHC roll 
ey command since the last DAP cycle. if both bits are reset to O, it implies that no 
change zn the RHC roll command has occurred since the last DAP cycle. 


8,7. 1€ either or both bits have been set to 1, there has been a change in RHC yaw 
command since the last DAP cycie. If both bits are reset to O, it implies that no 
change in the RHC yaw command has occurred since the last DAP cycle. 


6,5 If either or both bits have been set to 1, there has been a change in the RHC pitch 
command since the last DAP cycte. if both bits are reset to O, it implies that no 
change in the RHC pitch command has occurred since the last DAP cycle. 


4 Bit ts set to 1 to indicate that the AK values should be updated. Bit ts reset to O to 
indicate that the Needle Drive routine should be processed with the AK values which 
have been previously acquired. 


3,2 If (Bit 3, Bit 2} = (1,1) or (1,0), it is necessary to follow the initialization path of the 
Needle Drive routine. 


if {Bit 3, Bit 2} = (0, 1}, it is necessary to follow Pass 2 of the Needle Drive routine. 
we 


lf (Bit 3, Bit 2) = (0, O), it is necessary to follow Pass 3 and greater paths of the 
Needle Drive routine. 


1 Bit is set to 1 to indicate that the initial pass path in the T6 program should not be 
followed. Bit is reset to O if the T6 program should be initialized. 
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FLAGWORD BiT ASSIGNMENTS FOR COLOSSUS 


C31FLWOr%tD, a flag used to determine if the channei representations of the CMC Mode 
switch, SC CONTROL switch and OPTICS ZERO switch are to be used or if backup 
tndicaturs are to be used. Octal representation is AXXBX where: 


A VALUE 


Oor4 Bits 13, 14, 15 of Channe! 31 are valid 
1 CMC Controt FREE 

ZZ CMC Control HOLD 

3 CMC Controt AUTO 

5 SCS Control FREE 

6 SCS Controt HOLD 

? SCS Contro! AUTO 


s B VALUE i. | 
nt 2 | 
Oor 4 Bits 4, 5 of Channel 33 are valid - | 
lors Nptics Mode CMC + 
2or6 Uptics Mode ZERO > 
Sor? Optics Mode Manual = 


a 
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FLAGWORD BIT ASSIGNMENTS FOR COLOSSUS 


1 


DAPDATRI1, a flagword for RCS-CSM DAP interface. 


—_— 


Bits 16-13. 12-10 97 6-4 cai 
conFiG|xtac! xtBp |oB | RATE | 
eT Cee Lie een See 
15-13 CONFIG: Configuration 
0) No DAP or ENTRY DAP 
1 CSM 
2 CSM/LM : ' 
3.  CSM/SIVB 
6 CSM/LM Ascent Stage Dnly 
12-10 XTAC: X-translation using Quads AC 
: 0 No AC 
: 1 Use AC 
3 9-7 XTBD: X-translation using Quads BD 
0 No BO 
1 Use BD Ps 
a 6-4 DB: Deadband " 
a 4 | 0 + 0.5 degree 
ae ? +, 5.0 degrees 
ia 3 3-1 RATE: Response to RHC, automatic maneuvers 


) 0.05 degree/second 
0.2 degree/second 
0.5 degree/second 
2.0 degrees/second 


W NHN =» 


DAPDATR2, a flaqgword for RCS-CSM DAP interface. 


Bits 15-13 12-10 o-7 6-4 3-1 
% | AC-Rotl | Quad A} Quad B !QuadC{ Quad D 1 
a | 
4 15.13 AC-Roll: Roll jet selection | 


0 Use BD Roil 


1 Use AC Roll 
12-10, A, B, C, D Quad fails a 
9-7, 6-4, 
3.1 0) Quad Failed 


1 Quad OK & 


CM-34 


CHANNEL BIT ASSIGNMENTS (CM} 


INPUT CHANNEL 3 


Bit 1-14 Contains the HIGH ORDER SCALER: 23.3 hours = maximum capacity in incre- 
ments of 5.12 seconds. 


INPUT CHANNEL 4 


Bits 1-14 Contains the LOW ORDER SCALER: 5.12 seconds = maximum capacity in incre- 
ments of 1/3,200 second. 


OUTPUT CHANNEL § 


JET DESIGNATION SM COMMAND 
BIT SM QUAD NO./CM RING NO. TRANS/ROT CM COMMAND 
1 C-3/1-3 +X/+P +P 
2 C4/24 -X/-P P 
3 A-3/2-3 -X/+P +P 
4 A-4/ 1-4 +X/-P -P 
5 D-3/2-5 +X/+Y¥w +Y¥w 
6 D-4/1-6 -X/-Yyy -Yw 
7 B-3/1-5 -X/+¥w +Yw 
8 B-4/2-6 +X/-Yw -Yw 
OUTPUT CHANNEL 6 
JET DESIGNATION SM COMMAND 
BIT SM QUAD NO./CM RING NO. TRANS/ROT CM COMMAND 
1 B-1/1-1 +Z/+R +R 
2 B-2/1-2 -Z/-R -R 
3 D-1/2-1 -Z/+R +R 
4 D-2/2-2 +Z/-R -R 
5 A-1 +V¥/+R 
6 A-2 -Y¥/-R 
7 C-1 -Y¥/+R 
8 C-2 +Y/-R 
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CHANNEL BIT ASSIGNMENTS (CM) 
OUTPUT CHANNEL 11 


— 


OUTPUT CHANNEL 13 


BiT fe 
1 ISS Warning 
2 Light Computer Activity Lamp 
3 Light Uplink Activity Lamp 
4 Light Temp Caution Lamp 
5 Light Keyboard Release Lamp 
6 Flash Verb and Noun Lamps 
7 Light Operator Error Lamp 
8 Spare 
9 Test Connector Outbit 
10 Caution Reset 
41 Spare 
12 Spare 
13 Engine On/Off (1—On, G-Off) | 
4 14 Spare 
4 15 Spare 
OUTPUT CHANNEL 12 2 
} 
1 Zero Optics CDU’s | 
2 Enabie Optics CDU Error Counters 
3 Not Used 
a Coarse Align Enable : | 
2 Du, Zero IMU CDU’s 
6 =. Enable IMU CDU Error Counters : 
7. Spare 
vase 8 _ TVC Enable ; 
9  ..» Enable SIVB Takeover 
10 Zero Optics i 
11 - Disengage Optics DAC 
12 Spare 
13 SIVB Injection Sequence Start | 
14 StVB Cutoff 4 
15 ISS Turn-on Delay Compiete if 
| 


Enabte Standby 
Reset Trap 31-A 
Reset Trap 31-B 
Reset Trap 32 

Enable T6RUPT 


1 Range Unit Select c 
2 Range Unit Select b 
3 Range Unit Select a 
4 Range Unit Activity 
5 Not Used 
6 Block Inlink 
7 Downlink Word Order Code Bit 
8 Not Used 
9 Spare 
10 Test Alarms 
11 
12 
13 
14 
15 


es - NOTE: 
| = Channel 13 Range Unit Selection: Bits 1 through 4 are assigned control functions 

for sampling of the VHF range link. These bits must contain 1001, in Order to obtain 
contro}. 


al 
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CHANNEL BiT ASSIGNMENTS (CM) 


OUTPUT CHANNEL 14 


BIT 
1 Not Used 
2 Spare 
3 Spare 
4 Spare 
5 Not Used | 
6 Gyro Enabte | 
7 Gyro Select b 
8 Gyro Select a ib | 
9 Gyro Sign {1 = minus) | 
10 Gyro Activity 
11 Drive COUS 
12 Orwe COU T 
13 Drive COU Z 
14 Orrve CDU Y 
15 Drive CDU X 


a b Gyro 
@) @) = 
0 1 x 
1 @) Y 
1 1 z 
INPUT CHANNEL 15 & 
7 \ 
BIT e 
1 Key codes from Main DSKY 4 
2 Key codes from Main OSKY | 
3 Key codes from Main OSKY be | 
4 Key codes from Main OSKY a. | 
5 Key codes from Main OSKY bs 
6 Spare - | 
7 Spare ¢ | 
8 Spare 3 
9 Spare = 
10 Spare SS 
11 Spare Me 
12 Spare 
13 Spare 4 
14 Spare ie 
15 Spare = 3 
INPUT CHANNEL 16 a 
BIT 
1 Key codes from Navigation DSKY 
2 Key codes from Navigation OSKY 
3 Key codes from Navigation DSKY 
4 Key codes from Navigation DSKY 
5 Key codes from Navigat ton OSKY 
6 Mark button 
7 Mark Reject button 
8 Spare 
Spare 
10 Spare 
11 Spare 
12 Spare 
13 Spare 
14 Spare 


15 Spare 
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CHANNEL Bj/T ASSIGNMENTS (CM) 
INPUT CHANNEL 30 


BIT 
1 Ullage Thrust Present 
2 CM/SM Separate 
ae 3 SPS Ready 
4 SI VB Separate, Abdort 
5 Liftoff 
6 Guidance Reference Release 
7 Optics CDU Fail 
8 Spare 
} 9 IMU Operate 
| 10 S/C Control of Saturn 
11 IMU Cage 
| 12 IMU CDU Fail 
| 13 IMU Fail 
f 14 ISS Turn-On Request 
15 Temperature in Limsts 
| NOTE: 
A!l of the input signats in Channel 30 are inverted; that is, a ZERO bit 
indicates that the discrete is ON. 
INPUT CHANNEL 31 
| BIT 
| 7 +Pitch Manual Rotation 
ia 2 -Pitch Manual Rotation 
is 3 +Yaw Manuai Rotatton 
“Y 4 -Yaw Manual Rotation 
ae 5 +Rolt Manual Rotation 
E 6 ‘Rott Manual Rotation 
u 7 +X Transtation 
8 -X Transtation 
: 9 +¥ Translation 
= 10 -¥Y Transtation : 
aa. 11 +Z Translation. % 
ad 12 -Z Translation 
a 13 Hold Functwn 
ay. 14 Free Function 
= 15 G & N Autopiot Control 
au NOTE: 
All of the input signats in Channel 31 are inverted; that is, a ZERO hit 
indicates that the discrete ss ON. 
INPUT CHANNEL 32 
BIT 


mle 1 +Pitch Mtnimum Impulse 
| 2 -Pitch Minimum Impulse 
4 3 +Y¥ aw Minimum tmpulse 
er | 4 -Yaw Minimum Impulse 
| 5 +Roll Minimum Impulse 
is 6 -Roll Minimum Impulse 
En q Spare 
Be 8 Spare 
“es 9 Spare G | 
: 4 10 Spare H 
er 11 LM Attached id 
a 12 Spare | 
i 13 Spare 
14 Proceed (Standby button} 
15 Spare 


NOTE: | 
All of the input signals in Channet 32 are inverted: that is. a ZERO bit ,| 
indicates that the dscrete is ON. 


Jaros ee 


BIT 


WON ONaWN— 
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CHANNEL BIT ASSIGNMENTS (CM) 
INPUT CHANNEL 33 


Spare 

Range Unit Data Good 
Spare 

Zero Optics 

CMC Contro! 

Not Used 

Not Used 

Spare 

Spare 

Block Uplink !nput* 
Uplink Too Fast 
Downlink Too Fast 
PIPA Fail 

AGC Warning 

AGC Oscillator Alarm 


*This bit reads ONE when accept uplink signal is present gt interface. 


NOTE: 
All of the input signals in Channel 33 are inverted; that is, a ZERO bit 
indicates that the discrete is ON. 


BIT 


WOOVNOQUAWN 


OUTPUT CHANNEL 77 — (RESTART MONITOR) 


Parity Fail (E or F) 

Parity Fail (€ memory) 

TC Trap 

RUPT Lock 

Nightwatchman 

Voltage Fail 

Counter Fail 

Scalar Fail 

Scalar Double Frequency Alarm 


2 
= 
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POO—CMC IDLING PROGRAM 


Purpose: 


1. To maintain the CMC in a condition of readiness for entry into other programs. 


2. To update the CSM and £M state vectors every four time steps. 


Assumptions: 


i 


This program is automatically selected by V96E&, which may be done during any 
program. State vector integration is permanently inhibited following V9GE. Normal 
integration functions will resume after selection of any program or extended verb. 
POO integration wil! resume when PQO is reselected. Usage of V96 can cause 


incorrect W-matrix and state vector synchronization. 


Program changes are inhibited during integration periods and program aiarm 1520, 
will occur if a change is attempted when inhibited. 


Sequence of Events: 


V37EQOE 
VO6BN38E 
Optional Display 
VO6N38 Time of State Vector Being integrated OOXXX h 
OOOXX min 
OXX.XX s 


PO1I—PRELAUNCH OR SERVICE-—INITIALIZATION PROGRAM 
Purpose: 


1. To initialize the platform for the prelaunch programs. 


2. To provide an initia! stable member orientation for Gyrocompassing (P02). 


Assumptions: 


1. Erasable locations have been property initialized. {Azimuth, +1; Latitude, +1; 


LAUNCHAZ, +1; tMU compensation parameters). 


Sequence of Events: 
V37E01E 


No Att Light — ON, then OFF. Initiafizes the system and coarse aligns the platform 
to the desired orientation. 


AGC advances to PO2. 


PO2—PRELAUNCH OR SERVICE—GYROCOMPASSING PROGRAM 
Purpose: 


1. To provide the proper stable member orientation for jaunch. 


Assumptions: 


1. This program may be interrupted to perform the Prelaunch or Service—Optical 
Verification of Gyrocompassing program (P03). 

2. V75 will be keyed in and displayed during this program to permit crew backup of 
the liftoff discrete. 

3. The program is automatically selected by the Initialization program (PQ1). 

4. 


This program has the capability (via V78E) to change the launch azimuth of the 
stable member while gyrocompassing. 
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PO2 (continued) 


Sequence of Events: 

PO2 entered automatically from PO1. 

Vertical erect for 640 seconds. then gyrocompass. 
V78E Optional entry if launch azimuth change Is desired. 


Flashing X%SM Launch Azimuth XXX.xX deg 
VO6EN29 


V21E. Enter new launch azimuth. 
Vertical erect for 320 seconds. then gyrocompass. 

V75E Optional at Liftoff if automatic Liftoff discrete is not received. 
AGC advances to P11 at liftoff. 


PO3—PRELAUNCH OR SERVICE—OPTICAL VERIFICATION 
OF GY ROCOMPASSING 
Purpose: 
1. To provide an optical check for verification of alignment of the stable member 
during gyrocompassing prior to launch. 
Assumptions: 
1. The astronaut has zeroed the optics just prior to program (PO3) selection. 


2. A minimum of 45 minutes between V78E and P03 (V65E) assures proper damping 
of transients. 


3. In order to prematurely terminate this program and return to PO2 the astronaut may 
key in V34E on any flashing display. 
Sequence of Events: 
Zero Optics for 15 seconds. 


V65E 
POS displayed. 
VO5N30 Target 1D (R3) 00001 
Fiashing Target Azimuth XXX.XX deg 
VO6N41 Target Elevation XX.XXX deg 
Target 1 coordinates. 
V24E. Change azimuth and elevation if desired. 
PRO 
VO5N30 Farget ID (R3) 00002 
Flashing Target Azimuth XXX.XX deg 
VO6N41 Target Elevation XX_.XXX deg 


Target 2 coordinates. 
V24E. Change azimuth and elevation if desired. 
Optics Mode — CMC. 


PRO 
CMC drives optics LOS to Target 1. 
Flashing 
V51 
Optics to Manua! — Mark on Target 1. 
Flashing Checklist Code 00016 
VSON25 


Request terminate Mark sequence. 
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PO3 (continued) 


MARK REJECT 

(If mark was unsatisfactory), and recycle to Flashing V51. 
PRO (if mark was satisfactory}, and continue. 

CMC drives optics LOS to Target 2. 


Flashing 
V51 


Optics to Manual — Mark on Target 2. 


Flashing 
V50N25 Check list Code 
Terminate mark sequence. 
MARK REJECT 
(lf mark was unsatisfactory), and recycle to previous Flashing V51. 
PRO (If mark was satisfactory), and continue. 


Flashing Alignment Error 
VO6N93 tn Delta Gyro Angles 


00016 


X XX.XXX deg 
Y XX.XXX deg 
2 XX.XXX deg 
Displays Ysn and Xspy leveting error and Xspq azimuth error. 

V24E to zero Y and X teveling errors. 
PRO Torques Z gyro to eliminate azimuth error. 


V34E Terminates optical verification and returns to POZ2, 


— PO6—CMC POWER DOWN PROGRAM 
% 
| Purpose: 
1. To transfer the CMC from the operate to the standby condition. 
Assumptions: 
ce | 1. 


1f the computer power is switched off, the AGC Update program (P27) would have 
to be done to update the state vector and computer clock time 


% 2. The AGC is capable of maintaining an accurate value of ground elapsed time {GET) 
a | for only 23 hours when in the Standby mode. If the AGC is not brought out of the 


standby condition to the running condition at teast once within 23 hours, the AGC 
vaiue of GET must be updated. 


Once the program has been selected, the AGC must be put in Standby. When PO6 


| appears, the AGC wili not honor a new program request (V37EXXE). a terminate 
mM (V34E), or an ENTER in response to the request for standby. 


Sequence of Events: 


V37EO6E 
Flashing Checklist Code 00062 
V50N25 
Power down AGC. 
a If IMU power off desired — (CB}. IMU Operate — open. 
a PRO Until Standby light on. 
4 TURN-ON 


Standby light on. 
PRO Until Standby light off. 


Flashing 
Ss V37 


a OOE Select POO 


- tf IMU power up desired — (CB). IMU Operate — close. 
= No Att light on for 90 seconds. 


j 
V 


a 
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P11-EARTH ORBIT INSERTION MONITOR PROGRAM 


Purpose: 
To indicate to the astronaut that the AGC has received the liftoff discrete. 

2. To generate an attitude error indication on the FDAI error needles, scaled for the 
50/15 setting; from liftoff to the beginning of pitchover/rollout the attitude error is 
equal to the difference between the current vehicle attitude and the attitude stored 
at liftoff. During pitchover/rollout the attitude error is equal to the difference 
between the current vehicle attitude and the AGC nominal computation of vehicle 
attitude based on the stored polynomials in pitch and roll. 


3. To display AGC computed trajectory parameters. 


4. AGC takeover of Saturn during Boost 
a. Automatic Control—First Stage Only: should the saturn piatform fai! the 
astronaut may set the £V Guidance Switch to the CMC position. This stores the 
current attitude errors as a bias. The Attitude Error routine for each cycie 


thereafter will compute the attitude error, subtract the bias, and transmit the 
difference information to the Saturn tnstrumentation Unit (tU) for steering. 


b. Manual Control—The astronaut may sefect the Saturn stick function via V46E 
(DAP configuration = 3}. This will terminate the Attitude Error routine. 


Assumptions: 


1. The program is normaily automatically selected by the Gyrocompassing program 
(PO2) when the AGC receives the liftoff discrete from the SIVB. tn the backup case 
it wouid have been selected by keying in V75 ENTER. 


2. The orbit parameter display routine is available by keying in V82E. 


Sequence of Events: 


V75 Enter is not keyed unless the liftoff discrete faiis and P11 does not start 
automatically. 


P11 displayed — Average G on. 


VO6EN62 [nertial Velocity Magnitude XXXXX. ft/s 
Altitude Rate XXXXX. ft/s 
Altitude XXXX.X nmi 


Pitch/ro!} polynomial start at liftoff +11.85 seconds. 
Terminate pofynomial at liftoff +161.35 seconds. 


V82E Orbital parameter display. 


Flashing Apogee Altitude XXXX.X nmi 
V16N44 Pertgee Altitude XXXX.X nmi 
TEF XXbXX min/s 
PRO 
V37E00E 


Average G off. POO is selected. 


V46E Whiie in P11 will terminate potynomial computations and enabie the RHC to steer the 
Saturn vehicle through the AGC interface. 
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P15—TLI INITIATE/CUTOFF 


ihe Purpose: 

ris 1. Provide backup for initiation of Saturn Time Base 6 (TB6), S-IVB, injection 
red sequence start. 

ce es ; 

oe 2. Provide TL! burn monitor capability during a Saturn IU controlled TL! maneuver 


(Saturn DAP in 1U/Disptay Operational Mode). 


3. Provide automatic TLI shutdown capability during a CMC controlled TL! maneuver 
(Saturn DAP in CMC/Steer Operational Mode). 


the Assumptions: 
the 1. The TLI target parameters Vi C/O (velocity magnitude at cutoff), TB6 (GET of T86 
cle initiation), and OTF (a bias to compensate for tailoff Delta V and actuator delays) 
the are all available. 
4GE Sequence of Events: 
V37E15E 
Flashing 
VO6N33 GET of TB6 Initiation 0OXXxXh 
000XX min 
‘am 
:ase 2 OXX.XX s 
4q V25E to Load desired TB6 time. 
4 PRO 
| Flashing 
4 VO6N14 Velocity Magnitude at S-IVB Cutoff XXXX*X. ft/s 
g V21E to Load desired velocity magnitude 
q PRO 
; VO6N95 Time From TLI Ignition (TFI) XXbxXxX min/s 
Vetocity to be Gained (Vg) XXXXX. ft/s 
Velocity Magnitude (VMAGI) XXXXX. ft/s 
UPLINK activity Light and S-IVB injection sequence start discrete ON for 10 seconds 
at TB6 start time (TIG minus 9 minutes 38 seconds). 
DSKY blanks for 5 seconds at TIG minus 105 seconds. 
Average G on at f1G minus 100 seconds. 
VOGNY95 returns. 
At ignition plus +0 seconds, R1 equals time from cutoff (TFC). XXbXX min/s 
S-$VB cutoff discrete issued when V1 C/O attained. 
Flashing 
V16N95 Same as N95 above but 
q TFC display frozen. 
| : PRO 
r the 


Flashing 
V37 Select New Program 


Ls 
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P20 — UNIVERSAL TRACKING 


Purpose: 
1. Control CSM attitude/optics or attitude rates depending on which of the following 
five options is selected. 


OptionO — Point a specifted S/C vector along the LOS to the LM without 
constraining rotation about the vector (VECPOINT). This option ts used to 
acquire the LM in the SXT field of view and to point the CSM transponder 
at the LM. 


Option 1 — Point a specified S/C vector at a specified celestial body without 
constraining rotation about the vector (VECPOINT). 


Option 2 — Perform rotation about a specified S/C vector at a specified rate 
and beginning at a specified time. This option is normally used to effect 
PTC or initiate pitchover for landmark tracking. 


Option 4 — Point a specified S/C vector along the LOS to the LM while 
constraining rotation about the vector (three-axis). This option is used to 
acquire the LM in the SXT field of view and to point the CSM transponder 


atthe LM. 


Option 5 — Point a specified S/C vector at a specified celestial body while 
constraining rotation about the vector (three-axis). 


2. Update the 1M or CSM State vector on the basis of optical tracking data and/or 
VHF range data (Options 0 and 4 only). 


Assumptions: 


1. The GNCS is normally in control of the vehicle in the Auto mode. If the astronaut 
assumes control of the vehicle with the RHC, the CSM will remain at the attitude it 
is driven to. Regardiess of mode selection the CMC will calculate the desired tracking 
attitude. 


2. The LM ts maintaining a preferred tracking attitude to correctly orient the optical 
beacon (Options 0 or 4). 


3. During rendezvous, the W-matrix is initialized by keying V93E, a fresh start (V36E), 
uplinked state vector update, automatically during MINKEY, and upon entering 
P22, P23, or P24. 


4. The optics and VHF ranging mark counters are used to count the number of marks, 
by source, which are used to update either state vector. The counters are zeroed by 
W-matrix initialization, completion of P37, and by a fresh start. 


5. This program may be selected manually or internally by the MINKEY controller. 


a w tv 
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P20 (continued) 


Sequence of Events: 


Option O may be initiated automatically by the MINKEY controller. 
The sequence will start at RENDEZVOUS below if automatic initiation. 


V37E20E 


Flashing Option ID Code 00024 
VO4NO6 Tracking Option Code 0000X 


V22E to Load desired option: O = Rendezvous (VECPOINT) 
1 = Celestial body (VECPOINT) 
2 = Rotation (PTC/ORB rate) 
4= Rendezvous (Three-axis 
S = Celestial body (Three-axis) 
(Option O assumed for MINKEY rendezvous) 


PRO 
Flashing GAMMA XXX.XX deg 
VO6N78 RHO XXKX.XX deg 
OMICRON XXX.XX deg 
V25E to Load the desired coordinates. 
GAMMA, RHO are rotational coordinates of the desired 
pointing axis or axis of rotation. The coordinates represent 
Euler rotations of the S/C +X axis about the +Z axis and then 
about the new +Y axis. 
SIMBAY pointing = 90°, 52.25° 
COAS pointing =0°%, 0° : 
Optics pointing = 0°, -35° 
PTC rotation =0°. 0° 
Orb rate rotation =90°9, QO 
(Optics coordinates are assumed for rendezvous but may be 
changed at anytime.) 
OMICRON is an attitude constraint about the pointing vector 
tor three-axis options. it is ignored in VECPOINT options. 
O° = Heatshield forward 
180° = Apex forward 
PRO 
Flashing Desired Rate (Option 2 only) X.XXXX deg/s 
VO6N73 Desired Deadband XXX.XX deg 


V24E to Load desired rate and deadband. 
PRO to appropriate option 


CELESTIAL BODY TRACK 


Flashing 
VO1IN70 Star ID Code . OOOX X 


V21E to load desired Star Code. 
PRO (tf Star Code # 00, Goto RENDEZVOUS 


Flashing Unit position vector X .XXXXX 
VO6BN88 of desired planet Y .XXXXX 
Z .XXXXX 


V25E to Joad position vector. 
PRO to RENDEZVOUS 


_—— a a a 
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20 (continued) 


ROTATION 
Flashing GET at which rotation 00 XXX h 
VO6N34 maneuver is to start 000x xX min 
OXX.XXs 
V25E to load desired GET {all O's specify present time) 
PRO to TERMINATE (rotation will commence at specified GET) 
RENOEZVOUS 
Flashing Desired FDAI angles OG(R) XXX.XX deg 
VS5SON18 for automaneuver IG(P) XXX.XX deg 
MG(Y) XXX.XX deg 
PRO 
VO6GN18 Maneuver in Progress 
Flashing Maneuver Complete 
VS5ONi8 


ENTER Terminates agutomaneuver routine. If rendezvous option, go to appropriate 
marking sequence, otherwise go to TERMINATE. 


Note: R61 maintains tracking attitude computation. 1f the attitude error 
between the vehicle pointing axis and the LOS to the target is greater 
than 10 degrees, the astronaut wil! be alerted by: 


UPLINK ACTY light on 


V58E 
Request automaneuver routine. Go to RENDEZVOUS and execute gutomanevuver. 


OPTICS MARKING 
The rendezvous sighting mark routine is called gutomatically. Proceed with 
optics marking. 

VHF RANGE MARKING 


1f MINKEY controller active, VHF marking is initiated automatically when the 
range is within 327.67 nmi. ‘ 


V8B7E Sets VHF Range Flag manually. | 
Enables ranging marks for use by R22 at 1-minute intervals. 


V88E Resets VHF Range Flag manually. 

Disables ranging marks. Use V87E to reenable. 
BACKUP COAS MARKING 
V54E Cails the backup sighting mark rouwne. 


Flashing Optics angle coordinates Shaft XxXX.XX deg 
VO6N94 for alternate .OS (COAS) Trunnion XX.XXX deg 


V24E to load coordinates. 


COAS LOS coordinates can be determined by sighting ona boresight star and 
using P52 to compute the desired optics angles to acquire the star in the SXT field. 


PRO 
Flashing MARK Counter {VHF - Optics} XXbXX 
V53N45 TFl of Next Burn XXbXX min/s 
MGA at TIG XXX.XX deg 


ENTER Used for marking with COAS. V86E is used to reject a backup mark. 


Note: N79 may be modified to specify +X axis pointing for COAS marking 
at any time. The program will calculate a maneuver to 4X axis 
tracking attitude. 


2S 
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P20 (continued) 


UPDATE DISPLAY 


If any mark produces a state vector position or velocity magnitude change 
greater than a preloaded value, the astronaut receives a dispiay of the data for 
approval/disapproval. 


Flashing Delta R XKXXX.X nmi 
VO6N49 Delta V XXXX.X ft/s 
Source Code {1--OPT, 2~VHF) O000x 


PRO Uses data and updates the state vector. 


V32E Rejects mark data and state vector update not done. 


TERMINATE 
V56E 
Flashing 
V37 Select New Program 
P21_GROUND TRACK DETERMINATION PROGRAM 
Purpose: 


1. Provide astronaut with details of his ground track. 


Assumptions: 


1. Can be used while CSM is in either earth or lunar orbit to determine ground track of 
either LM or CSM. 


2. Vehicle whose ground track parameters are calculated to remain in freefail from the 
present time until T Lat Long. 


Sequence of Events: 


V37E21E 
Flashing Option Code (specify vehicle} 00002 
VO4N06 
Vehicle Code {1—CSM, 2—LM) 00001 
CSM is assumed: if LM is desired, V22E2E 
PRO 
Flashing Time Lat/Long 00 XXX. h 
VO6N34 000 XX. min 
VN XXKs 
V25E. Key in time at which vehicle position s desired. 
Time = O specifies present time. 
PRO 
Flashing Latitude of Vehicle XXX.XX deg (+ north} 
VO6N43 t ongitude of Vehicle X XX.XX deg {+ east) 
Altitude Above Launch Pad/ XXXX.X nmi 
Landing Site 


V32E recycles to Flashing VO6N34 for new display. 
VOEBN73E Optional Display 


Flashing Altitude XXXXXb nm 
VOEN73 Velocity XXXXX. ft/s 
Ftight Path Angle XXX.XX deg 
KEY REL 
Flashing Same as N43 above. 
VOEN43 
PRO 
Flashing Select New Program. 


V37 
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P22—-ORBITAL NAVIGATION PROGRAM 


Purpose: 


Oe ee 


‘eth 
oO 


Locate and track landmark suitable for navigation purposes. 

Obtain sighting marks on chosen landmark. 

Calculate the orbital parameter changes generated by landmark sightings. 
Update state vector as result of sightings (if sightings ok). 

Update coordinates of known landmarks. 

Provide coordinates of unknown landmarks. 

Track pretoaded landing site. 

Provide coordinates of new landing site. 

Provide coordinates of an offset landing site. 


Align optics along an advanced orbit ground track for purpose of tracking and 
mapping a new landing site. 


Assumptions: 


A 


8. 


There are two types of landmark tracking methods: 


a ‘Known’ Landmark Tracking~-The tracking of an earth landmark made known 
to the AGC by latitude, tongitude/2, and aititude, and the tracking of a lunar 
landmark made known to the AGC by its latitude, longitude/2, and a?titude. 


b. ‘'Unknown’’ Landmark Tracking—The tracking of a landmark or surface feature 
identified to the AGC as an unknown landmark, one whose coordinates are not 
known. 


There are two types of !anding site mapping methods: 


a. Landing Site Designation—Track and mark on an unknown landmark. Store the 
resulting coordinates in Landmark Code 01. If mapping only is desired (that is, 
no state vector calculation or corrections), the astronaut need take only one 
mark. 


b. Landing Site Offset—While tracking and marking on a primary fandmark (known 
or unknown), point the optics SLOS at the chosen Sanding site and mark it once, 
(at least one mark on the primary landmark must have been made prior to this), 
then continue marking on the primary landmark. Store the resulting coordinates 
of the offset landing site in Landmark Code OT. 


Acquisition of a s{andmark may be aided by the AGC by use of the Automatic Optics 
Positioning routine (R52). 


Acquisition of a preloaded landing site may be aided by keying Landmark Code 01 
into the VO5 N7O display for use by the Automatic Optics Positioning routine 
(R52). 


The Ground Track Determination program (P21) is available to aid the crew in 
choosing appropriate landmarks prior to selection of this program. 


The Ground Track Determination program (P21} is available to the crew following 
this program to provide updated ground track information. 


Possibfe attitude control methods might be as follows (in all cases care must be 
taken to monitor possible impending JMU gimbal lock). 


a. Manual control by the pilot or navigator with the rotational hand controller. 


b. Manual! rate control by the navigator with the minimum impuise control in the 
GNC free mode. 
c. Automatic pitchover maneuver via P20, Option 2. 


Selection of this program will terminate Options 0 and 4 of P20. 


Sequence of Events: 
V37E22E 


Flashing Maximum MGA with Spacecraft X Axis 
VO6N45 in Orbital Plane (R3) XXX.XX deg 


If expected MGA is greater than 60 degrees, exit P22 and realign [MU (P52). 
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P22 (continued) 
ZERO Optics for 15 seconds 
OPTICS Mode ~ CMC 
PRO If in earth orbit go to Flashing VO6N89 below. 


Fiashing Landmark Code (R2) ABCDE 
VO5N70 


A®=1 {known landmark), 2 (unknown landmark} 
8 - index of offset indicator 

C = not used 

DE = Landmark ID {00, 01, or 5X) 


PRO tf A = 2, go to Flashing V51; if A = 1 and DE # OO, go to Flashing VO6NQZ2. 


Flashing Landmark Latitude XX.XXX deg 

VOGN89 Longitude/2 XX.XXX deg 
Attitude of LMK XXX XX nmi 

V25E. Load landmark coordinates 
PRO 

VO6N92 Auto position optics to landmark or, if DE = 5X. 
to 60 degrees ahead of vehicle location on ground 
track. 


Maneuver veticle at orbstal rate for tracking. 
OPTICS Mode — Manual 


Flashing 
V51 


Request remarks. 


MARK 
Offset landing site mark followed by V52E. 


Flashing Checklist Code 00016 (After 
V50N25 five marks taken) 


PRO Terminate mark sequence. 


Flashing Same as N70 above. ABCDE 
VO5SN71 


V25E to correct data. 


(tnsure B corresponds to the mark on offset !anding site or is set to zero.) 


PRO 
Flashing Same as N89 above. 
VO6N89 
V25E to correct data. 
PRO 
Fiashing Delta R XXXX.X nmi 
VO6N49 Delta V XXXX.X ft/s 
Change in position and velocity magnitudes with incorporation of landmark 
sighting, 
PRO Accepts data. V32E to reject data and recycle to Flashing VO5N70. 
Flashing Same as N89 above except an update of tandmark 
VO6N89 coordinates or map of offset landing site coordinates 


or map of unknown landmark. if this landmark or offset 
landing site is desired as the new landing site. key PRO to 
update landing site coordinates and recycle to Flashing 
VO5N70 display. To retain landing site but redo the 
tracking, key V32E and recycle to F lashing VOS5SN70 dispiay. 


V34E 


Fiashing Select New Program. 
V37 
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P23—CISLUNAR MIDCOURSE NAVIGATION PROGRAM 


Purpose: 
1. To do midcourse navigation by incorporation of star/earth and star/moon optical 
measurements. 


Assumptions: 


1. Prior to each mark the program will cal? for an optics calibration which may be done 
or bypassed dependent upon the stability history of the calibration. 


2. To perform the mark the astronaut should finally select minimum impulse control 
(either GNCS or SCS) and the optics should be in manual in order to maintain the 
fix. 

3. The optics should be on for 15 minutes prior to marking. 


4. The AGC does not check for moon/earth occultation or sun brightness in this 
program. 


5. Nouns 70 and 71 are checked to assure that the codes fall within certain permissible 
limits. (Check to assure that R2 and 83 do not both equal zero or do not both not 
equa! zero, R1 = Oto 37 {octal}, R2 = ABCDE, C = 1or 2, R3 = ABCDE, C and D = 
1 or 2). Noun 89 is also checked to assure that the values for R1 and R2 fall within 
certain defined limits (-90 degrees to +90 degrees). 


6. Noun 88 allows that any proportional set of components may be loaded for planet 
direction. However, a unit vector is recommended. 


7. Selection of this program will terminate Options O and 4 of P20. 


Sequence of Events: 
V37E23E 


Flashing Checklist Code 00015 
V50N25 


Perform celestial body acquisition. 
PRO if manual acquisition desired, key ENTER and go to Ftashing V59. 


Flashing Star tO Code O00 XX 
V0O1N70 


V21E to load star code XX. 
PRO tf star ID # O00, go to Flashing V5ON18. 


Flashing Unit Position xX .XKKXKX 
VO6N88 Vector of Planet Y .XKXXX 
Z .XXXXX 
V25E to load pianet vector. 
PRO 
Flashing Desired FDAI Angles for OG(R) XXX.XX deg 
V50N 18 Automaneuver IG{P) XXX.XX deg 


MG{Y) XXX.XX deg 
OPTICS ZERO for 15 seconds 
OPTICS Mode ~ Manual 
PRO Automaneuver LLOS to selected star. 
VO6N 18 Maneuver in process. 


Flashing Maneuver complete. 
V50N18 
ENTER 
Terminate maneuver routine. 
Flashing Request optics calibration mark. 
V59 


To bypass optics calibration, key ENTER and go to Flashing VO5N70. 
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P23 (continued) 


MARK 
LLOS and SLOS superimposed on star. 
Flashing Frunnion Bias (R2) XX.XXX deg 
VO6N87 


Mark may be repeated for additional bias computations. 
PRO V32E will recycle to Flashing VSON25. 


Flashing Star 1D Code OOCXX 
V0O5N70 Landmark ID A®CDE 
Horizon '(O OCFGO 


V25E to load desired data. 


ABDE = not used 

C = 1 {earth landmark}, 2 (lunar landmark) 
F = 1 (earth horizon), 2 (lunar horizon) 

G = 1 (near horizon), 2 (far horizon} 


(if R2 # O, RZ =O) or tif R2 =O, R3 # O) 


PRO if PLANET/HOR sighting, go to Flashing VOGN88. 
\f STAR/HOR sighting, go to Flashing VSON25, 
Flashing Latitude of Landmark XX.XXX deg 
VOEN89 Longitude/2 XX.XXX deg 
Altitude XXX.XX nmi 


V25E to load landmark coordinates. 
PRO If STAR/LMK sighting, go to Flashing VSON25. 


Flashing Unit Planet Vector Xe KOO 
VO6EN88 NM EX KX 
Z XXXXX 
V25E to soad planet vector. 
PRO 
Fiashtng Checklist Code 00202 


V50N25 
Request automaneuver LLOS to LMK/HOR. 


PRO Soecifies a 3-axis maneuver. ENTER may be used to specify VECPOINT computed 
maneuver which, if necessary, provides gimbal lock avoidance. 


Flashing Same as N18 above. Request automaneuver. 
V50N 18 

PRO 
VO6N18 Same as N18 above. Maneuver in process. 
F lashing Same as N18 above. Maneuver complete. 
V50N18 


A V94E may be used to reacquire the landmark with an automaneuver. 
OPTICS Mode — CMC 
ENTER 


Terminate automaneuver and autoposition. 
Optics SLOS to the selected STAR/PLANET. 


VO6EN92 Desired Optics Angies 
Shaft XXX.XX deg 
Trunnion XX.XXX deg 


OP TiCS Mode — Manual 


Flashing Request Mark (STAR/PLANET and LMK/HOR 
V51 superimposed). 
MARK 
Flashing Checklist Code 00016 


VS50N25 


1 ot 
— ie ap a! 1 


ES 


7 CM-52 


P23 (continued) 


PRO Terminate Mark sequence. 


Flashing Same as N70 above. 
VOSN71 


V25E to correct data. 


PRO If PLANET/HOR sighting, go to Flashing VOGN838. 
1f STAR/HOR sighting, 90 to Flashing VO6N49. 


F Flashing 

; VO6BN89 Same as N8Q above 
V25E to correct landmark coordi nates 

PRO IfStar/LMK sighting, gO to Flashing VOGN49 


Fiashing Same as N88 above. 
VOE6EN88 


a V25E to correct Planet vector. 


PRO State vector update computed. 


F lashing Delta R XXXX.X AMI 
VOGN49 Deita V XXXX.X ft/s 
Magnitude of the position and velocity vector changes displayed for astronaut 
approval. 
PRO Accept data. V32E reject data, go to Flashing V37. 
Flashing Select New Program. 
V37 
P24—RATE AIDED OPTICS TRACKING PROGRAM 
Purpose: l 
aes ; ; | 
1. To locate and acquire 3 given landmark via the automatic OPtics positioning routine ‘ 


{R52) with the Optics Mode switch in the CMC position. 
e rate-aided optics feature of the 


2. When acquired, to track the given landmark via th 
Manual Position. 


automatic Optics positioning routine with the optics in the 


3. To obtain and downlink to the ground an unlimited Number of sighting marks on the 
chosen landmark and to update the landmark coordinates. 


Assumptions: 
1. The coordinates of the landmark are Known approximately. 
2. At low altitudes, tracking may be facilitated by manually initiating 3 pitch-over 
maneuver via P20, Option 2. 


- 3. The astronaut will assist in the tracking of the chosen landmark when in the 
ae rate-aided mode (Optics switch in Manual) by supplying inputs via the optics hand 
3 controller. 


: 4. Selection of this program will terminate Options O and 4 of P20. 
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P24 (continued) 


Sequence of Events: 


V37E24E 

Flashing Landmark Latitude xX X.XX X deg 

VO6BN89 Longitude/2 XX.X XX deg 

Altitude XXX&.XxX nmi 
V25E to load approximate landmark coordinates. 

ZERO OPTICS for 15 seconds. 
OPTICS Mode — CMC 
PRO , 


VO6N92 Desired Optics Angles 


Shaft XXX.XX deg 
Trunnion XX,.XXX deg 


AGC will auto-position the optics LOS to the landmark. The AGC will update the 
desired optics angles each 0.05 second plus integration time. 


OPTICS Mode — Manual 


Flashing 


AGC will now compute optics drive rates to maintain 
V51 


the landmark track by back differencing the desired optics 
angles and compensating for computational and system delays. 
Desired optics angles are updated with state vector and landmark 
updates. 


Adjust tracking rate with optics hand controller 


Provide a manual! optics drive assist to trim the AGC commanded drive rate for 


a aligning the target and reticle. AGC commanded rates are updated through subsequent 
—_— marking and landmark updates. 
1e i : Unlimited marking is accepted. Marks are transmitted downlink and are used to update 
vA the landmark coordinates when the number of R52 cycles since the fast landmark up. 
Re os date reaches a prelaunch erasable value. The landmark update is subsequently used to 


update the desired optics drive rate and maintain the landmark track. 
PRO Terminates Program. 


t 
A Flashing Select New Program 
Bi V37 
a ] 
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P27—AGC UPDATE PROGRAM 


Purpose: 
1. To insert information into the AGC via the digital uplink by transmission from the 
ground or via the DSKY keyboard by crew manual input. 


Assumptions: 
1. AGC updates are of four categories: 
a. Provide an update for AGC liftoff time (V70). | 
b. Provide an octal increment for the AGC clock only (V73). 
c. Provide load capability for a block of sequential erasable locations {1-18 
inclusive locations whose address is specified) (V71). | 
d. Provide load capability for 1-9 inclusive individually specified erasable jocations 
(V72). 
2. Update is allowed in the CSM when the AGC is in POO, PO2 or P20 (Options 1, 2 or 
5), and if the DSKY is available. | 
3. The UPTEL Accept/Block switch must be in Accept for telemetry update. 
4. The automatic mode of update is program selection and update via the ground by 
uplink transmission. The only difference between this and manual selection by the 
astronaut is that the OSKY responses are keyed in by the astronaut rather than 
transmitted. 


Sequence of Events: 


V37EQ0E 
Select POO if not selected. 
Enable Uplink. 


Program selected via Uplink. Mode window. 
displays 27. 


Up Telemetry switch — Accept 
Uplink Acty light — On 


V37EQ0E 
Select POO. 
Up Telemetry switch — Block Disable uplink. 
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P29-TIME OF LONGITUDE 


| Purpose: 


1. To provide the astronaut with an estimated time of passage over a selected longi- 
tude. 


Assumptions: 


1. This program may be selected while the CSM is in either earth or lunar orbit to find 
the time of longitudeof either the CSM or LM. 


2. This program assumes the vehicte whose ground track parameters are calculated 
remains in freefall from the selected start time until the time of longitude crossing. 


Sequence of Events: 


V37E29E 
Flashing Option |D Code 00002 
VO4NO6 Vehicle Option (1—CSM, 2—LM} 0000xX 
V22E to load desired vehicle code. 
PRO 
Flashing GET at which CMC OOXXX h 
VO6N34 begins search (ail O's for 000X X min 
present time) OXX.XX s 
V25E to load desired time. 
PRO 
Flashing Desired Longitude (R2) XXX.xXX deg 
VO6EN43 
V22E to load desired longitude. 
PRO 
Flashing Time of longitude crossing OOXXX h 
VO6EN34 by specified vehicle 000XX min 
OXX.XX s 
PRO V32E to previous flashing VO6N43 to change longitude. 
Flashing Latitude at Longitude Crossing XXX.XX deg 
VO6N43 Longitude Specified XXX. X deg 
Altitude of Vehicle at Longitude Crossing XX XXX nmi 
PRO V32E to Flashing VO4NO6 to recycle. 
| Flashing 


V37 Select New Program 
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P30—EXTERNAL DELTA V PROGRAM 


Purpose: a 


1. To accept targeting parameters obtained from a source(s) external to the AGC and 
compute therefrom the required velocity and other initial conditions required by the 
AGC for execution of the desired maneuver. The targeting parameters inserted into 
the AGC are the time of ignition (TIG) and the impulsive Av aiong CSM local 
verticai axes at TIG. 


Assumptions: 


1. Target parameters (TIG and AV(LV)) may have been loaded from the ground during 
a prior execution of P27. 


2. External Delta V flag is set during the program to designate to the thrusting program 
that external Delta V steering is to be used. 


Sequence of Events: 


V37E30E 
Flashing Ground Elapsed Time of Ignition (TIG) OOXXX. h 
ie VO6BN33 000 XX. min 
5 OXX.XXs 
oa V25E to load desired TIG. 
4 PRO 
i Flashing impulsive Delta V at TIG X XXXX.X 
| VOGN81 in Local Vertical Coordinates Y MKKXXX.X 
4 Z XXXX.X 
4 V25E to load desired Delta V. 
4 PRO 
| Flashing Apogee/Apolune Altitude XXKX.X ami 
f VO6N42 Perigee/Perilune Altitude XXXX.X ams 
| Magnitude of Delta V at TIG XXX. ft/s 
PRO 
Flashing Mark Counter (VHF—Optics} XXbXX marks 
V16N45 Time from Ignition (TFI) XXbxXX min/s 
Middle Gimbal Angle at TIG with XXX.XX deg 
Vehicle +X Axis in Direction of Thrust 
if the REFSMMAT flag is reset (that is, the IMU is not aligned) MGA will equai -00002. 
PRO 
Flashing Select New Program. 
V37 
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P31—HEIGHT ADJUSTMENT MANEUVER (HAM) PROGRAM 


Purpose: 


ule 


2: 


To calculate the Parameters associated with the Height Adjust Maneuver (HAM) for 
Deita V burns. 


To store the HAM target parameters for use by the desired thrusting program. 


Assumptions: 


1. 


2. 


10. 


Ata selected TFPI time the line of sight between the CSM and the LM is selected to 
be prescribed angie (E) from the horizontal piane defined at the active position. 


CDH Delita V is selected to minimize the variation of the aititude difference between 
the orbits. 


HAM burn is defined such that the impulsive Delta V is in the horizontal plane 
defined by the active vehicle position at HAM ignition. 


The pericenter aititude of the orbit following CSI and CDH must be greater than 
35,000 ft (lunar orbit) or 85 nmi (earth orbit) for successful completion of the 
program. 


The CSt and CDH maneuvers are originally assumed to be paralled to the plane of 
the LM orbit. Out-of-plane parameters are computed for TIG (HAM) and displayed. 
in addition, the N81 display is modified to establish an antinode at HAM. 


If P20 is in operation while the progiam is operating, the astronaut may hold at any 
flashing display and turn on the rendezvous sighting mark routine, take optics marks 
and/or allow VHF ranging marks to accumulate. 


TIG (HAM) is computed to be 180 degrees central angie before TIG (CS!). 


The {SS need not be on to complete this program unless automatic state vector 
updating is desired by the Universal Tracking program (P20). 


The external Delta V fiag is set during this program to designate to the thrusting 
program that externa! Delta V steering is to be used. 


This program may be selected manually or internally by the MINKEY controller. 
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P31 {continued} 


Sequence of Events: 

tf entered automatically by MINKEY controller, go to MANEUVER. 
V37ES3IE 

Note: If P20 rendezvous option is not running, P20 Option O is activated now. 


Flashing MINKEY Rendezvous Option 
V50N25 Checklist Code 00017 


PRO Elects MiINKEY automatic rendezvous sequencing. 

ENTER Elects manual sequencing. 

MANEUVER 
If the tracking attitude error between the vehicte pointing axis and the LOS to tne 
LM is less than 10 degrees (computed by P20/R61), go to TARGETING. 


Flashing Desired FDAI angles for OG(R} XXX.XX deg 
V50N18 Automaneuver IG(P) XXX. XX deg 
MG(Y) XXX.XX deg 
PRO 
VO6N18 Maneuver in Progress 
If MINKEY sequence, go to TARGETING when maneuver ts completed. 
Flashing 
V50N18 Maneuver Complete (manual sequence) 


ENTER Terminates automaneuver routine; go to TARGETING. 


Note: P20 (R61) wilt maintain tracking attitude computations. !f the attitude error 
becomes greater than 70 degrees, the astronaut will be alerted by: 
UPLINK ACTY light on. 


V58E 
Request automaneuver execution; go to MANEUVER. 


TARGETING 
Flashing GET of CSI Ignition TIG (CSI) OO XXX h 
VOGN 11° 000X X min 
OXX.XXs 
V25E to load desired TIG. 
PRO 
Flashing Apsidal Crossing 0006 X 
VO6N55 Elevation Angie XXX.XX deg 
CENTANG XXX.XX deg 


V25E to load desired data. 

Apsidat crossing is the future line of apsis crossing where TiG (CDH) is to occur. 
Elevation angle is the angle between the CSM/LM LOS and the CSM local horizontal 
plane at TIG (TPI). 

(For LM solution (P72), angle ts between LM/CSM LOS and the LM local horizontat.) 
CENTANG is an option code where R3# O specifies T1G (CDH) to occur at N (180) 
degrees from CSI maneuver and N = number entered in R1. 
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P31 (continued) 


= PRO | 
Flashing GET of TP? tgnition TIG (TP) 0OXXX h 
VO6N37 OO0OX X min ; 
OXX.XX s 
V25E to modify TIG. i 
PRO 
Flashing GET of HAM Ignition TIG (HAM) OOXXX h 
VO6N33 OOOX X min ’ 
OXX.XXs i 
V25E to modify TIG. : 
: 
PRO | 
Flashing Mark Counter (VHF -Optics) XXbxXX i 
V16N45 Time from Ignition TFI (HAM) XXbxXX min/s : 
MGA -00001 | 


Mark counter updated by P20 which is running in the background. 
MGA is displayed on the final pase through the program. 


PRO Sets Final fiag to execute final pass through program. 


V32E Continues but Final flag not set. 
Alarm Codes 00600 through 00606 may occur. If an alarm occurs, V32E recycles 
to VO6GN11 where the INPUT parameters may be adjusted for a new solution. 


Flashing Out-of-Plane Position (Y), Active Vehicle XXX.XX nmi 
VO6NS0 Out-of-Plane Velocity (YDOT), Active Vehicle XXXX.X ft/s 
Out-of-Plane Velocity (YDOT), Passive 


Vehicle XXXX.xX ft/s 
PRO 
Flashing Delta V at TIG (HAM) xX XXXX.X ft/s 
VO6N81 In Local Vertical Coordinates Y XXXX.X ft/s 
Z XXXX.X ft/s 
V25E to modify Delta V. 
PRO If Final flag not set go to previous flashing V16N45 
Flashing Mark Counter (VHF-Optics} xXXbxXX 
VT6BN45 TF (HAM) XXbxXX min/s 
MGA XXX.XX deg 


MGA will be the MGA at TIG (HAM). If the IMU is not aligned, MGA will 
be -00002. (For _M solution (P72) MGA is always -O0002 on the finai 
pass.) 


PRO 


If MINKEY controller is active, W matrix reinitialization is performed 
and the appropriate burn program is initiated. 


if Delta V solution < 7 ft/s, P41 is initiated. 
If Delta V solution 2 7 ft/s, P40 is initiated. 


Flashing 
V37 Select New Program (manual sequence) 
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P32—CSM COELLIPTIC SEQUENCE INITIATION (CS1} PROGRAM 


Purpose: 


1. To calculate parameters associated with the following concentric flight plan 


maneuvers: the Coelliptic Sequence Initiation (CSI} and the Constant Delta Altitude 
maneuver {CDH}, for Delta V burns. 


2. Tostore the CS! target parameters for use by the desired thrusting program. 


Assumptions: 
1. Ata selected TP! time the line of sight between the CSM and the LM ts selected to 
’ be a prescribed angle (E} from the horizontal plane defined at the active position. 


2. The time between CSI ignition and CDH ignition must be computed to be greater 
than 10 minutes for successful completion of the program. 


3. The time between CDH ignition and TPI ignition must be computed to be greater 
than 10 minutes for successful completion of the program. 


4. CDH Deita V is selected to minimize the variation of the altitude difference between 
the orbits. 


5. CS! burn is defined such that the impulsive Delta V is in the horizontat plane 
defined by the active vehicle position at CSI ignition. 


6. The pericenter altitude of the orbit following CS! and CDH must be greater than 
35,000 feet (lunar orbit) or 85 nmi (earth orbit} tor successful completion of this 
program. 


7. The CS! and CDH maneuvers are originally assumed to be paralled to the plane of 
the LM orbit. However, out-of-plane parameters are cCOmputed for TIG (CSI) and 
displayed. In addition, the N&1 display is modified to establish an antinode at CSI. 


8. If P20 ts in operation while the program is operating, the astronaut may hold at any 
flashing display and take optics marks and/or atlow VHF ranging marks to 
accumulate. 


9. The ISS need not be on to complete this program unless automatic state vector 
updating is desired by the Universal Tracking program (P20). 


10. The external Deita V flag is set during this program to designate to the thrusting 
program that external Oelta V steering is to be used. 


11. This program may be selected manually or internally by the MINKEY controller. 


Sequence of Events: 
If entered automatically by MINKEY controller, go toMANEUVER. 
V37E32E 
Note: !f P20 rendezvous option is not running, P20 Option O is activated now. 
| Flashing MINKEY Rendezvous Option 
| 


V50N25 Checklist Code 00017 
PRO Elects MINKEY automatic rendezvous sequencing. 
| ENTER Elects manual sequencing. 


if MANEUVER 
i lf tracking attitude error between the vehicie pointing axis and the LOS to 
the LM is less than 10 degrees {computed by P20/R61}, go to TARGETING. 


Flashing Desired FDA! angles for OG(R} XXX.XX deg 
V50N18 Automaneuver 1G(P) XXX.XX deg 


: MG(Y} XXX.XX deg 
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P32 (continued) 


PRO 
VO6N 18 Maneuver in Progress 
If MINKE Y sequence, go to TARGETING when maneuver is complete. 


Flashing 
V50N18 Maneuver Complete {manual sequence) 


ENTER Terminates auttomaneuver routine. Go To TARGETING. 


Note: P20 (R61) will maintain tracking attitude computations. If the attitude error 
becomes greater than 10 degrees, the astronaut will be aferted by: 
UPLINK ACTY light on 


V58E 
Request automaneuver execution. Go to MANEUVER. 
TARGETING 
Flashing GET of CSI Ignition TIG (CSi) OOXXX h 
VO6N 1 1 OOOXX min 
OXX.XX s 
V25E to Joad desired TIG. 
PRO 
Flashing Apsidal Crossing QO0QQ0X 
VO6N55 Elevation Angle XXX.XX deg 
CENTANG XK X.X XK deg 
V25E to load desired data. 
Apsidal crossing is the future line of apsis crossing where TIG (CDH) is to 
occur. 
Elevation angie ts the angle between the CSM/LM LOS and the CSM tocai horizontal 
plane at TIG (TPI) 
(For LM solution (P72) angle is between LM/CSM LOS and the ~M tocal horizontal) 
CENTANG 1s an option code where R3 # O specifies TIG (CDH) to occur at 
N(180) degrees from CSI maneuver and N = number entered in R11. 
PRO 
Flashing GET of TPI Ignition TIG (TPH) OOXXX h 
VO6N37 OO0OXX min 
OXX. XX s 
V25E to load desired TIG. 
PRO 
Flashing Mark Counter (VHF —Optics) XX bX X 
V16N45 Time from Ignition TF} (CSI) XXbXX min/s 
MGA -00001 


Mark Counter updated by P20 which may be running in the background. 
MGA is only dispiayed on the final pass through the program. 
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P32 (continued) 


PRO Set Final flag. 


PRO 


PRO 


PRO 


PRO 


PRO 


V32 continues tn program but F inal flag is not set. Used when another pass is desired. 
Alarm Codes 00600 through OO606 may occur. if an afarm occurs, V32E recycles to 
VO6N 11 where the input parameters may be adjusted for a new solution. 

If automatic MINKEY sequence, go to flashing VO6NSO. 


Flashing Delta Altitude at TIG (CDH) XXX X.X nmi 
VOG6N75 Delta Time of TIG (CS!I/CDH) XXbxXxX min/s 
Delta Time of TIG (CDH/TPI) XXbxXX min/s 


TIG (CDH) is available by keying VO6N13E. 


Flashing Out-of-Plane Position (Y} Active Vehicle x KX. nmi 
VO6NSO Out-of-Plane Velocity (YDOT) Active Vehicle XXXX.X ft/s 
Out-of-Plane Velocity (Y¥DOT) Passive Vehicle XXXX.X ft/s 


Flashing Delta V at TIG (CSI) x XXXX.X ft/s 
VO6N81 tn Local Vertical Coordinates y' XXXX.X ft/s 
Zz 


XXXKX.X ft/s 
If automatic MINKEY sequence, go to Flashing Vi6N45. 


Flashing Delta V at TIG (CDH) x YXXX.X ft/s 
VO6N82 In Local Vertical Coordinates Y XXXX.X ft/s 
Z XXXX.X ft/s 
tf Final flag ts reset, go to previous Flashing VI6N45. 
Flashing Mark Counter (VHF —Optics) XXb XX 
V1I6N45 TFi (CSi) XXbXxX min/s 
MGA xX X.XX deg 


MGA will be the MGA at TIG (CSI). If the IMU is not aligned, MGA will be 
-00002. (For LM solution (P72) MGA is always -00002 on the final pass.) 


If MINKEY controller is active, W-matrix reinitialization is performed and the 
appropriate burn program is initiated. 


If Delta V solution= 7 ft/s, P41 is initiated. 
If Delta V solution = 7 ft/s, P40 is initiated. 


Flashing 
V37 Select New Program (manual sequence) 
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P33—CSM CONSTANT DELTA ALTITUDE (COH) PROGRAM 


Purpose: 
+. To calculate parameters associated with the Constant Delta Altitude maneuver 
(COH), for Delta V burns. 


2. To store the CDH target parameters for use by the desired thrusting program. 


Assumptions: 


1. This program is based upon previous completion of the Coelliptic Sequence 
Initiation (CSI) program (P32). Therefore: 


a. Ata selected TPI time (now in storage) the line of sight between the CSM and 
the _M was selected to be a prescribed angle (E) (now in storage) from the 
horizontal plane defined at the active vehicle position. 


b. The time between CSI ignition and CDH ignition was computed to be greater 
than 10 minutes. 


c. The time between CDH ignition and TPI ignition was computed to be greater 
than 10 minutes. 


d. The variation of the aitituce difference between the orbits was minimized. 


CSI burn is defined such that the impulsive Delta V is in the horizontal plane 
defined by the active vehicle position at CSI ignition. 


f. The pericenter altitudes of the orbits following CSi and COH were computed to 
be greater than 35,000 feet (lunar orbit) or 85 nmi (earth orbit). 


g. The CS! and CDH maneuvers were assumed to be paralled to the piane of the 
LM orbit. However, out-of-plane parameters are computed for T!IG (COH) and 
displayed. In addition, the N81 display is modified to establish an antinode at 
CDH. 


2. If P20 is in operation white this program is operating, the astronaut may hold at any 
flashing display and take optics marks, and/or he may allow VHF ranging marks to 
accumulate. 


3. The ISS need not be on to complete this program unless automatic state vector 
updating is desired by the Universal Tracking program (P20). 


4. The external Delta V flag is set during this program to designate to the thrusting 
program that external Delta V steering is to be used. 


5. This program may be selected manually or internalty by the MINKEY controller. 


Sequence of Events: 
If entered automatically by MINKEY controller, go to MANEUVER. 
V37E33E 
Note: If P20 rendezvous option is not running, P20 Option 0 is activated now. 
Flashing MINKEY Rendezvous Option 


V50N25 Checklist Code 00017 
PRO Elects MINKEY automatic rendezvous sequencing. 
ENTER Elects manual sequencing. 
MANEUVER 
If the tracking attitude error between the vehicle pointing axis and the LOS to the 
LM is less than 10 degrees (computed by P20/R61), go to TARGETING. 
Flashing Desired FDAI angles for OG(R) XXX.XX deg 
V50N18 Automaneuver IG(P) XXX.XX deg 


MG(Y) XXX.XX deg 


= See ee 
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P33 (continued) 


PRO 
VO6N18 Maneuver in Progress 
if MINKE Y sequence, go to TARGETING when maneuver is complete. 
Flashing 
VSON18 Maneuver Complete {manual sequence) 
ENTER Terminates automaneuver routine. Go to TARGETING. 


Note: P20 (R61) will maintain tracking attitude computations. if the attitude 


error becomes greater than 10 degrees, the astronaut wil! be alerted by: 
UPLINK ACTY tight ON 


V58E 
Request automaneuver execution. Go to MANEUVER. 
TARGETING 
Flashing GET of COH tgnition TIG (COH) OOXXX h 
VO6N13 000XX min 
OXX. XX s 
V25E tocorrect desired TIG. 
PRO 
Fiashing Mark Counter (VHF —Optics}) XXDBXX 
V16N45 Time from Ignition TFI {COH) XX6XX min/s 
MGA -00001 


Mark counter is updated by P20 which may be running in the background. 
MGA is onty displayed on the final pass. 
PRO Set Final flag. 
V32E continues in program but Finat flag is not set. Used when another pass is desired. 


if an Alarm occurs, a V32E may be used to recycle to VO6N13 and readjust TIG. 
If automatic MINKE Y sequence, go to Flashing VO6N90. 


Fiashing Delta Altitude at TIG {COH) XXX. xX ami 
VO6N75 Delta Time of TIG (COH/TPI) XXoXX min/s 
Delta Time of TItG (TPI/Nom TPI} XXbXX min/s 


TIG (TPI) is available by keying VO6N37E. 


a 


PRO 
Flashing Out-of-Plane Position (Y) Active Vehicle XKXX.XxX ami 
VO6NS90 Out-of-Piane Velocity (YOOT) Active Vehicle XXXX.X fu/s 
Out-of-Plane Velocity (YDOT) Passive Vehicle XXXX.X ft/s 
PRO 
Flashing Delta V at TIG (COH) xX XXXX_X ft/s 
VO6N81 tn Local Vertical Coordinates Y XKXXX.X ftis 
ZL KXXX.X ft/s 
| PRO If Final flag is reset go to previous Flashing V16N45. 
F lashing Mark Counter {VHF —Optics) XXoX xX 
V16N45 TEt (COH) XXoOXX min/s 
MGA XXX.XX deg 


MGA will be the MGA at TIG (COH). If the IMU is not aligned, MGA will be 
-00002. (For LM solution (P73) MGA is aiways -00002 on the final pass.) 


PRO 


If MINKEY controller is active, W-matrix reinitialization is performed and the 
appropriate burn program is initiated. 


lf Delta V solution <7? ft/s, P41 is initiated. 

if Oetta V solution =? ft/s, P40 is initiated. 
Fiashing 

: V37 Select New Program (manual sequence) 
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P34—CSM TRANSFER PHASE INITIATION (TPI) 
TARGETING PROGRAM 


—— 


Purpose: 


1. 


To cafculate the required Deita V and other initial conditions required by the AGC 
for execution of the Transfer Phase Initiation maneuver. Given: 


a. TIG (TPI) or the Elevation angle (E) of the CSM/LM LOS at TIG (TPI). 


b. Central angle of transfer (CENTANG) from TIG (TPI) to intercept time 
(TIG(TPF)). 


To calculate TIG (TPt) given E or E given TItG (TPI). 


. To store the TPt target parameters for use by the desired thrusting program. 


Assumptions: 


1. 


2. 


The program must be done over a tracking station for real-time ground participation 
in AGC data input and output. 


If P20 is in operation while this program is operating, the astronaut may hold at any 
flashing display and take optics marks, and/or he may allow VHF ranging marks to 
accumulate. 


Once the parameters required for computation of the maneuver have been 
completely specified, the value of the active vehicle central angle of transfer ts 
computed and stored. This number will be available for display to the astronaut 
through the use of VO6 N52. 


The astronaut would call this display to verify that the central angle of transfer of 
the active vehicle is not within 170 to 190 degrees. If the angle is within this zone 
the astronaut should reassess the input targeting parameters based upon Delta V and 
expected maneuver time. 


When determining the initial position and velocity of the target at intercept time, 
either conic or precision integration may be used. The time difference for computa- 
tion is approximately 10:1 (that is, conic integration is 10 times faster than precision 
integration). 

ISS need not be on to complete this program unless automatic state vector updating 
is desired by the Universal Tracking program. 


The external Delta V flag is reset during this program to designate to the thrusting 
program that Lambert steering is to be used. 


The Delta V in LOS coordinates is available in N59. 
This program may be selected manually or internally by the MINKEY controller. 


fe 
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P34 (continued) 


Sequence of Events: 
if entered automatically by MINKEY controller, go :o MANEUVER. 
V37E34E 
Note: If P20 rendezvous option is not running, P20 Option 0 is activated now. 
Flashing MINKEY Rendezvous Option 


VSON25 Checklist Code G00 17 
PRO Etects MINKEY automatic rendezvous sequencing. 
ENTER Elects manual sequencing. 
MANEUVER 


if the tracking attitude error between the vehicte pointing axis and the LOS to 
the LM is tess than 10 degrees (computed by P20/R61). go to TARGETING. 


Flashing Desired FDAI angles for OG(R} XXxX.xx deg 
VSONI8 Automaneuver IG{P) XXX.XX deg 
MG(Y} XXX.XX deg 
PRO 


VO6N18 Maneuver in Progress 
If MINKE Y sequence, go to TA R GETING when maneuver is compiete. 


Flashing 
VSON18 Maneuver Complete (manual sequence} 


ENTER Terminates automaneuver routine. Go to TARGETING. 


Note: P20 (R61} will mainzain tracking attitude computations. !f the attitude 
error becomes greater than 10 degrees. the astronaut will be alerted by: 
UPLINK ACTY light ON 


VS58E 
Request automéneuver execution. Go to MANEUVER. 
TARGETING 
Flashing GET of TPI Ignition TiG {TPI OOXXX h 
VO6N37 000X X min 
OXX.XXs 
V25E to correct desired TIG. 
PRO 
Flashing Number of Precision Offsets Oo00x 
VO6BNS55 Elevation Angte XXX.XX deg 
CENTANG XXX.XX deg 
V25E toload desired data. 
Number of precision offsets is an integration code where X =O specities tntegration 
of a conic trajectory to generate the target vector and X # O specifies precision 
integration to generate the target vector. If precision integration is desired, 
X should equal 2. 
Elevation angle is the angle between the CSM/LM LOS and the CSM local horizontal 
at TIG (TPI). E should = +0Q000 if E is to be computed at TIG specified. 
(For LM solution (P74} the angle is between the LM/CSM LOS and the LM local 
horizontal.) 
CENTANG is the orbital angle traversed by the passive vehicle from TIG (TPI) to 
time of intercept. 
PRO 
Flashing Mark Counter (VHF —Optics) XXbXX 
VIENAS TFIL{TPH XXbXX min/s 
MGA at TiG (TPI) -00001 


Mark counter is updated by P20 which may be running in the background. 
MGA is -* until the final pass of the program. 


PRO Set Final ftag. V32E continues in Program but Finat flag ts not set. Used 
when another pass is desired. 
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P34 {continued) 


COMPUTE ELEVATION ANGLE FOR GIVEN T!G. 
If elevation angle above was = O, 


Flashing Same as N55 above, except elevation angle has 
VO6N55 been computed. 


COMPUTE TiG FOR GIVEN ELEVATION ANGLE. If elevation angle above was # O, 


Flashing Time of ignitron for Specified OOXXX h 
VO6N37 Elevation Angle TiIG (TP) 000 XX min 
OXX.XX s 


If MINKEY FINAL PASS, set E = 0 and go to COMPUTE ELEVATION ANGLE 
FOR GIVEN TiIG above. 


Note: if alarm 00611 occurs, PRO to TARGETING at start of program. 


PRO 
Flashing Pericenter Altitude (Post-TPl) ere. Oo. ant cal 
VO6N58 Delta V Required for TPIl XXXKX.X ft/s 
Delta V Required for TPF XXXX.X ft/s 
PRO 
Flashing Delta V at TIG (TP) in xX XKXKXKX.X ft/s 
VO6N81 Local Vertical Coordinates Y ®KXXX.X ft/s 
2 KXXX.X ft/s 
PRO If Final flag is reset, go to previous Flashing V16N45. 
Flashing Mark Counter (VHF~Optics) XXbXX 
V16N45 TF! (TP) XXbxXxX min/s 
MGA XXX.XX deg 
MGA will be the expected MGA at TIG (TP1). If the IMU is not aligned, MGA will be 
-00002. (For LM solution (P74), MGA is always -O0GO2 on the final pass.) 
PRO 


If MINKEY controller is active, W-matrix reinitialization is performed and the 
appropriate burn program is initiated. 


if Delta V solution <7 ft/s, P41 is initiated. 
if Delta V solution =7 ft/s, P40 is initiated. 


Flashing 
V37 Select New Program (manual sequence) 


eae. 
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P35—CSM TRANSFER PHASE M!tDCOURSE (TPM) 
TARGETING PROGRAM = 


Purpose: 


1. 


To calculate the required Delta V and other initial conditions required by the AGC 
for CSM execution of the next midcourse correction of the transfer phase of an 
active CSM rendezvous. 


Assumptions: 


rie 


tf P20 is in operation while this program is operating, the astronaut may hold at any 
flashing display and take optics marks, and/or he may allow VHF ranging marks to 
accumulate. 


Once the parameters required for computation of the maneuver have been 
completely specified, the value of the active vehicle central angle of transfer is 
computed and stored. This number will be available for display to the astronaut 
through the use of V06 N52. 


The astronaut would call this dispiay to verify that the central angle of transfer of 
the active vehicle is not within 170 to 190 degrees. If the angle is within this zone, 
the astronaut should reassess the input targeting parameters based upon Deita V and 
the expected maneuver time. 


The time of intercept (T(INT) was defined by previous completion of the Transfer 
Phase Initiation (TP) program (P-34) and is presently available in AGC storage. 


ISS need not be on to complete this program unless automatic state vector updating 
is desired by the Universal Tracking program. 


The external Delta V flag is reset during this program to designate to the thrusting 
program that Lambert steering is to be used. 


The Delta V in LOS coordinates is available in N59. 
The program may be selected manually or internally by the MINKEY controller. 


Sequence of Events: 


If entered automatically by MINKEY controller, go to MANEUVER. 


V37E35E 


PRO 


Note: If P20 rendezvous option is not running, P20 Option O ts activated now. 


Flashing MINKEY Rendezvous Option 
V50N25 Checklist Code 00017 


Elects MINKEY automatic rendezvous sequencing. 


ENTER Elects manual sequencing. 
MANEUVER 


if the tracking attitude error between the vehicle pointing axis and the LOS to 
the LM is less than 10 degrees {computed by P20/R61), go to TARGETING. 


Flashing Destred FDAI angles for OG(R) XXKX.XX deg 


VS50ON18 Automaneuver IG(P) XXX.XX deg 
MG(Y) XXX.XX deg 
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P35 (continued) 


PRO 
VO6N18 Maneuver in Progress 
If MINKEY sequence, go to TARGETING when maneuver is complete. 


Flashing 
V50N18 Maneuver Complete (manual sequence) 


ENTER Terminates automaneuver routine. Go to TARGETING. 


Note: P20 (R61) will maintain tracking attitude computations. If the attitude 
error becomes greater than 10 degrees, the astronaut will be alerted by: 
UPLINK ACTY tight ON 


V58E 
Request automaneuver execution. Go to MANEUVER. 
TARGETING 
Flashing Mark Counters (VHF —Optics) XXbxXX 
V16N45 TFI (TPM) XXbXX min/s g 
MGA -O0001 . 
Mark counter is updated by P20, which may be running in the background. 3 
MGA is -1 until the final pass through program. a. 
PRO Set Final flag, V32E continues but Final flag is not set. Used when another 1 
pass is desired. as 
Flashing Delta V at TIG (TPM) x XXXX.X ft/s 4 
VO6N81 in Local Vertical Coordinates Y XX XX.X ft/s 4 
2 | 


XXXX.X ft/s 4 


PRO If Final flag is reset, go to previous Flashing V16N45. 


Flashing Mark Counter (VHF —Optics) XXbxXxX : 
V16N45 TF! (TPM) XXbXX min/s hi 
MGA XX X.XX deg se 


MGA will be expected MGA at T!G (TPI). If the IMU is not aligned, MGA will 
be -00002. (For LM solution (P75) MGA is always -O0002 on the final pass.) 
PRO 


if MINKEY controller ts active, W-matrix reinitialization is performed and the 
appropriate burn program is initiated, 


If Delta V solution< 7 ft/s, P41 is initiated. 
lf Delta V solution=> 7 ft/s, P40 is initiated. 


Flashing 
V37 Select New Program (manual sequence) 


' 
he 
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P36-PLANE CHANGE TARGETING (PC) PROGRAM 


Purpose: 


ae 


2. 


5: 


6. 


To calculate parameters associated with the plane change (PC) maneuver for Delta V 


burns. 


To store the PC target parameters for use by the desired thrusting program. 


Assumptions: 
1. 


This program assumes a stored TIG (CSI) by completion of the Coelliptic Sequence 
Initiation (CSI) program (P32), an uplinked TIG (CSI) or crew loaded TIG (CSI) in 
N11. 


If P20 is in operation while this program is in operation, the astronaut may hold at 
any flashing display and take optics marks, and/or he may allow VHF ranging marks 
to accumulate. 


The ISS need not be on to complete this progam unless automatic state vector 
updating is desired by the Universal Tracking program (P20). 


This program is normally used to target a plane chane burn between CSI and CDH at 
the midpoint (90 degrees central angle after TIG (CSI)). 


The external Delta V flag ts set during this program to designate to the thrusting 
program that external Delta V steering is to be used. 


This program may be selected manually or internally by the MINKEY controller. 


Sequence of Events: 


If entered automatically by MINKEY controller, go to MANEUVER. 


V37E36E 


PRO 


Note: If P20 rendezvous option is not running, P20 option 0 is activated now. 


Flashing MINKEY Rendezvous Option 
V50N25 Checklist Code 000 17 


Elects MINKEY automatic rendezvous sequencing. 


ENTER Elects manual sequencing. 
MANEUVER 


PRO 


if the tracking attitude error between the vehicle Pointing axis and the LOS 
to the LM is less than 10 degrees (computed by P20/R61), go to TARGETING. 


Flashing Desired FDAI angles for OG(R) X XX.XX deg 
V50N18 Automaneuver IG(P) XXX.XX deg 
MG(Y) XXX.XX deg 


VO6N18 Maneuver in Progress 


If MINKEY sequence, go to TARGETING when maneuver is completed. 


Flashing 
V50N18 Maneuver Complete (Manual Sequence) 


oS te = 


aw 
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P36 (cont:nued) 


ENTER Terminates automaneuver. Go to TARGETING 


ee Note: P20 {R61} will maintain tracking attitude computations. If the attitude 
error becomes greates than 10 degrees, the astronaut will be alerted by: 
UPLINK ACTY Light On 


V58E 
Request automaneuver execution. Go to MANEUVER. 
TARGETING 
Flashing GET of PC tgnition TIG (PC) OOXXX h 
VO6N33 OO00XX min 
OXX.XXs 
V25E to modify T!tG. 
PRO 
Flashing Mark Counter {VHF-Optics) XXbxXxX 
V16N45 Time From Ignition TFI (PC} XXbXX min/s 
MGA -00001 


Mark Counter is updated by P20 which may be running in the background. 
MGA is onty displayed on the final pass. 


PRO Sets Final flag. 


V32E Continues in program but Final flag is not set. Used when another pass is desired. 


Fiashing Out-of-Plane Position (Y} CSM XXX.XX nmi 
VO6NSO Out-of-Plane Velocity (Y DOT) CSM XXXX.X ft/s 
Out-of-Piane Velocity (YDOT) LM XXXX.X ft/s 
PRO 
F lashing Delta V at TtG (PC} X KXXXX.X ft/s 
VO6N81 in Local Vertical Coordinates Y XXXX.X ft/s 


2 XXKXX.X ft/s 
V25E to modify Delta V. 
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PRO If Final fiag is reset, go to previous Fiashing V 16N45. 


ad Pat ra hin 


Flashing Mark Counter (VHF-Optics) XXbXX 
V16N45 TF (PC) XXbXX min/s 
MGA XXX.XX deg 


MGA will be the MGA at TiG (PC). If the IMU is not aligned, MGA will be -0G002. 


PRO If Manual Sequence, go to Flashing V37. 
If MINKEY controller is active, W-matrix reinitialization is performed and Delta V 
(N81) magnitude is tested: 


1f OV magnitude = 0, MINKEY initiates P76 


If DV magnitude > 0, MINKEY initiates P52 for possible realignment to 
new orientation to avoid gimbal lock for + X-axis burn. Go to P52 
{PC Realign). 


Note: Crew may elect to perform a Y-axis RCS burn, if the Delta V is small, to 
bypass realigning the {MU. This option is availabte in P52 (PC Realign). 
If the IMU 4s reoriented for a PC maneuver, it is returned to its origina! 
orientation by P52 as controtled by the MINKE Y sequencer. 


Flashing 
V37 Select New Program (manual sequence) 
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P37-RETURN TO EARTH 


Purpose: 

1. This program will compute areturn-to-earth trajectory providing the CSM is outside 
the lunar sphere of influence at the time of ignition. 

2. This program computes and displays a preliminary series of parameters based on a 
conic trajectory and: 

a. Astronaut specified time of ignition. 

b. Astronaut specified maximum change in velocity. 
c. Astronaut specified reentry angle. 

These parameters are: 

a. Time from ignition to reentry. 

b. Reentry tnertial velocity. 

c. Reentry flight path angle. 

d. Latitude of splash. 

e. Longitude of splash. 

f. Delta V (LV). 

3. When the initial display is satisfactory to the astronaut, the program recomputes the 
same data, using applicable perturbations to the conic trajectory, and displays the 
new values. 

4. Upon final acceptance by the astronaut, the program computes and stores the target 
avila for return to earth for use by the SPS program (P40) or RCS program 

5. Based upon the specified propulsion system the following are displayed: 


a. Middle gimbal angle at ignition (MGA). 
b. Time of ignition (TIG). 
c. Time from ignition (TFI). 


Assumptions: 


1, 


This program assumes that contact with the ground is unavailable, and is completely 
self-contained. 


if value of VPRED entered in Noun 60 is less than the minimum required to return 
to earth, the Delta V required vector will be computed based on a minimum value. If 
the value entered is greater than the minimum required to return to earth, then the 
astronaut desired value will be used to compute the Delta V required vector. The 
computed Delta V required vector will be displayed in Noun 81. 


The DAP Data Load routine (RO3) should be performed prior to completion of this 
program. 


The reentry range calculation provided by the AUGE KUGEL routine may be over- 
written by a pad loaded single precision erasable. 


The external Delta V flag is reset during this program to designate to the thrusting 
program that Lambert steering ts to be used. 
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P37 (continued) 


Sequence of Events: 


V37E37E 
Flashing GET of RTE Ignition TIG (RTE) OOXXXh 
VO6N33 OOOXX min 
a OXX.XXs 
VV25E +0 load desired TIG. 
PRO 
Flashing Blank _— 
VO6N60 VPRED XXXX*xX. ft/s 
GAMMA El XXX.XX deg 
\VV25E to load desired data. 
VPRED ts the maximum allowable velocity change for RTE. Zero is entered 
to compute the minmum AV to conserve fuel. See Assumption 2. GAMMA El 
is the desired flight path angle between the inertia} velocity vector 
and the local horizontal at Entry Interface (El) altitude of 400,000 ft. 
PRO 
Flashing impact Latitude XXX.XX deg {+ north) 
VO6N61 Impact Longitude XXX.XX deg (+ east) 
To change the desired landing site longitude the maximum velocity change (VPREO) 
input ts adjusted. The AGC-calculated minimum Vg is available by keying VO6N40 (R2}. 
increasing this value and entering it (+) into VPREO wil! move the longitude ({-) 
west or {+} east. To adjust input parameters, key V32E and recycle to VO6N33. 
PRO é 
Flashing Transfer Time from TIG (RTE) OOXXXh 
VO6N39 to E! O00XX min 
OXX.XXs 
To change transfer time. V32E to recycle to VO6N33 and readjust input parameters. 
PRO 
Flashing Blank a 
VO6N60 VPRED XXXXX ft/s 
GAMMA El XXX.XX deg 


VPRED is the predicted inertial velocity at Entry Interface (Et). 
PRO V32 to recycle to VO6N33 


Flashing Delta V at TIG (RTE) XXXX.X ft/s 
VO6N81 in Loca? Vertical Coordinates XXXX.X ft/s 
XXXX.X ft/s 
PRO If first pass through program recycle to Flashing VO6N61. 
Flashing Option Code (specify propulsion system) 00007 
VO4NO6 Propulsion Code (4—SPS, 2—RCS) 0000X 


V22E to load desired option. 


PRO 
Flashing § GET of RTE Ignition TIG (RTE) OOXXX h 
V06N33 000 X X min 
OXX.XX s 
PRO 
Flashing Mark Counter (VHF —Optics) Not meaningfu! 
V16N45 ~—s TF (RTE) XXbXX min/s 
MGA XXX.XX deg 


MGA will be the middle gimbal angle at TiG or O00Q2 if the IMU is not aligned. 


Lh oe 


PRO 


Flashing Select New Program. 
V37 
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P40—SPS PROGRAM 


Purpose: 


1 


Z: 


To compute a preferred IMU orientation anda preferred vehicle attitude for an SPS 
thrusttng maneuver and to maneuver the vehicle to the thrusting attitude. 


To calculate and display the gimbal angles which would resu!t from the present IMU 
Oonienration if the vehicle were maneuvered to the preferred vehicite attitude for an 
SPS thrusting maneuver. The crew is thereby given an opportunity to perform the 
maneuver with: 


a. The present {MU orientation (not recommended if middle gimbal angle is greater 
than 45 degrees}. If the IMU has not been aligned within the last 3 hours, 
realignment is desirable. 


b. Anew orientation achieved by selection of P52. 


To control the GNCS during countdown, ignition, thrusting, and thrust termination 
of a GNCS controlted SPS maneuver. 


Assumptions: 


1 


Ph 


8. 


The target parameters have been calculated and stored in the AGC by prior 
executron of a prethrusting program. 


The required steering equations are identified by the prior prethrust program, which 
either set or reset the external Delta V steering flag. For externat Deita V steering, 
VG is caiculated once for the specified time of ignition. Thereafter, both during 
thrusting and untit the crew notifies the AGC trim thrusting has been completed. the 
AGC updates VG only as a result of compensated accelerometer inputs. 


For Lambert steering, VG is calculated and updated simitarly; however, it ts also 
updated periodicatly by Lambert solutions to correct for changes in the CSM state 
vector. 


The TTE clock ts set to count to zero at FIG. 


Engine ignition may be slipped beyond the established TIG if desired by the crew or 
if integration can not be completed on time. 


The SPS thrusting program does not monitor the SC control discrete (Channef 31, 
Bit 15) durtng thrusting. This means that the AGC will continue to generate engine 
actuator commands, SPS Engine On discrete, and FDAI attitude error needle 
commands until the AGC solution indicates Engine Off at which time these 
commands and the Engine On discrete are terminated. However, thts program is not 
written to take into account the sttuation where control may be taken away from 
the GNCS and then given back, and it is not recommended. In event control is taken 
away from the GNCS, the AGC will only be responsible for computation of position 
and velocity. 


The value of Delta V required will be stored en the iocai vertical coordinate system 
and is available during thts program until average g turn-on by keying in VO6 N81E. 


The Orbit Parameter Display routine (R30) may be calted during this program by 
keying in V82E. 


This program may be selected manuaily or internally by the MINKEY controiter. 


Sequence of Events: 


If entered automatically by MINKEY controller, go to Flashing V50N 18. 


Maneuver to pad burn attitude and check SXT and boresight stars using optics 
angles on pad. 


V37E40E 


Flashing Desired FDA? Angles for OGIR} XXX.XX deg 
V50N18 Automaneuver |GiP) XXX.XX deg 
MG(Y) XXX.XX deg 


Request maneuver to computed burn attitude. 
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P40 (continued) 


PRO 
VO6N%t8 Same as N18 above. 
Maneuver is in process; final FDAI angles disptayed. 


Fiashing Same as N18 above. 
VSON18 Automaneuver is compieted. 


SCS-GDOC aligned to IMU for backup attitude reference. 

SPS gimbal drive motors energized. 

S/C Control to SCS; SPS servo check and manual drive check performed. 
S/C Control to CMC. 


PRO 


Flashing Same as N18 above. 
VSON18 Vehicle is trimmed to burn attitude. 


ENTER 


Flashing Gimbal Slew Test Option. 
VSON25 Checklist Code 00204 


PRO Slews SPS gimbal +2 degrees; ENTER — Bypasses gimbal slew test. 
SPS gimbals commanded to trim angles (P, Y) 


VO6N40 Time from Ignition/Cutoff (TFI} XXbXX min/s 
Velocity to be Gained (Vg) XXXX.X ft/s 
Accumulated Velocity (AV) XXXX.X ft/s 
DSKY blanks at TIG - 35 seconds. and VO6N40 resumes at TIG -30 seconds. 
Average G on. 
Ultage initiated with THC if required. 
Flashing Same as N40 above at TIG -5 seconds. 


V9I9N40 Astronaut approval of ignition requested. 
PRO Ignition approved. 
VO6N40 Same as N40 above. 


Ignition at TIG. 
TVC DAP activated. 
SPS engine cutoff; burn complete. 


TVC DAP off. 
Flashing Same as N40 above. 
V1I6N40 
PRO 
Flashing Vg Residuals in Control X XXXX.X ft/s 
V16N85 System (body) Coordinates Y XXXX.X ft/s 


Z XXXX.X ft/s 
TRIM Vg residuals with THC if required. 
PRO If MINKEY controller is active, P76 is entered. 


Flashing 
V37 (Manual Sequence} 
| V82E Request orbital parameter display. 
| Flashing Apocenter Altitude, Ha XXXX.X nmi 
V16N44 Pericenter Altitude, Hp XKKK.K nmi 
TFF XXbXX min/s 
PRO 
Flashing Select New Program. 
V37 


| Average G off. 
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P41_RCS PROGRAM 


Purpose: 
1. Compute a preferred IMU orientation and preferred vehicle attitude for am RCS 
thrusting maneuver and to maneuver the vehicte to the thrusting attitude. 


2. Calculate the gimbal angles which would result from the present IMU orientation if 
the vehicle +X axis were aligned to the thrust vector. The crew is thereby grven an 
opportunity to perform the maneuver with: 


a. The present IMU orientation {not recommended if middle gimbal angle is greater 
than 45 degrees). If the IMU has not been aligned within the last 3 hours, 
realignment is desirable. 


b. A new orientation achteved by selection of P52. 


3. Provide suitable displays for manual execution of the thrusting maneuver. 


Assumptions: 


t. The target parameters have been calculated and stored in the AGC by prior 
execution of aprethrusting program. 


2. The required steering equations are identified by the prior prethrust program, which 
either set or reset the external Delta V steering flag. For external Delta V steering, 
VG is calculated once for the specified time of ignition. Thereafter, both during 
thrusting and untii the crew notifies the AGC trim thrusting has been completed, the 
AGC updates VG only as a resuit of compensated accelerometer inputs. 


For Lambert steering, VG ts calculated and updated simitarty. However, it is also 
updated periodically by Lambert solutions to correct for changes in the CSM state 
vector. 


3. The TTE clock is set to count to zero at T!1G. 
Translation initiation may be slipped beyond the established TIG if desired by the 
crew or if integration cannot be completed on time. 

5. The value of Delta V required will be stored in the local vertical coordinate system 
and is available during this program until Average G turn-on by keying in VO6 N81E. 


6. The Orbit Parameter Display routine {R30) may be called during this program by 
keying in V82E. 


7. ¥Fhis program may be selected manually or internally by the MINKEY controller. 


Sequence of Events: 


If entered automatically by MINKEY controller, go to Flashing VSON18. 
Maneuver to pad burn attitude and check SXT and boresight stars using 
optics angles on pad. 


V37E41E 


Flashing Desired FDA! Angles OG(R} XXX.XX deg 
V50N18 IG(P) XXKXX.XX deg 
MG(Y) XXX.XX deg 


Request maneuver to computed burn attitude. 


PRO 
VOE6BNt8 Same as N18 above. 
Automaneuver in process; final FDAI angles displayed. 
Flashing Same as N18 above. Maneuver is compiete. 
V50N18 
ENTER 
V16N85 Velocity to be Gained in Control y.4 XXXX.X ft/s 
System (body} Coordinates {Vg) Y xXXXX.X ft/s 


2 XXXX.X ft/s 


DSKY blanks at TIG -25 seconds and resumes display at T!G -30 seconds. 
Average G on at T/G -30 seconds. 


Flashing Flash signifies T1G has arrived. 
V16N85 Same as N85 above. 


Null Vg with THC at T/G. 
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P41 (continued) 


PRO If MINKEY controller is active, P76 is entered. 


Flashing 
V37 (Manual Sequence) 
V82E Request Orbital Parameter display. 
Flashing Apocenter Altitude XXXX.X ft/s 
V16N44 Pericenter Altitude xXxXXxX.X ft/s 
ie XXbXX min/s 
PRO 
Flashing Select New Program. 
V37 
Average G off. 
P47—THRUST MONITOR PROGRAM 
Purpose: 


1. To monitor vehicle acceleration during a non-GNCS-controlled thrusting maneuver. 
2. Todisplay the Delta V applied to the vehicle by this thrusting maneuver. 


Assumptions: 


1. This program is normally used during rendezvous final phase. If the crew desires to 
do any final phase thrusting maneuvers automatically under GNCS control, they 
must be accomplished via selection of the Transfer Phase Initiation (TPI) program 
(P34) and then the SPS Thrusting program (P40) or the RCS Thrusting program 
(P41). 


2. Range, Range Rate, and Theta may be displayed during this program by calling the 
Rendezvous Parameter Display routine No. 1 (R34) with V83E. 


3. Range. Range Rate, and Phi may be displayed during this program by calling the 
Rendezvous Parameter Display routine No. 2 (R34) with V85E. 


Vi, H, and H-dot may be called by keying in V16 N62E. 


The Orbit Parameter Display routine may be called during this program by keying in 
V82E. 


6. This program should be turned on just prior to the planned thrusting maneuver and 
terminated as soon as possible following the maneuver in order to keep errors of bias 
and AVERAGE G at a minimum. 


Sequence of Events: 


V37E47E 
Flashing Delta V Accumulated in Control Xx XX XX.X ft/s 
ViI6N83 Coordinate System Y XXXX.X ft/s 
Z XXXX.X ft/s 
Display of integrated acceleration during thrusting. 
OPTIONAL DISPLAYS 
V16N62E Crew Optional Display 
V16N62 Magnitude of Jnertial Velocity (Vt) XXXXX. ft/s 
Rate of Change of Altitude (HDOT) XXXXX. ft/s 


Altitude Above Pad Radius (H) xX XX.X nmi 


KEY REL 


Flashing 
V16N83 
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P47 (continued) 


Same as N83 above. 


V83E Rendezvous parameter display at crew option. 


Flashing 
V16N54 


PRO 


Range of CSM to LM 

Range Rate 

Angle Between CSM +X Axis and 
Local Horizontal (Theta) 


V85E Rendezvous parameter display at crew option. 


Flashing 
V1IEN53 


P571-IMU ORIENTATION DETERMINATION PROGRAM 


Range of CSM to LM 

Range Rate 

Angle Between Optics SLOS and the 
Local Horizontat (PHI) 


Apocenter Altitude 
Pericenter Altitude 
TFF 


Same as N83 above. 


Select New Program. 


PRO 
V82E Orbital parameter display. 
Flashing 
V16N44 
PRO 
Flashing 
VIEN83 
PRO 
Flashing 
V37 
Average G off. 
Purpose: 


XXX.XxX nmi 
XXXX.X ft/s 
XXX.XX deg 


XXX.XX nmi 
XXXKX.X ft/s 
XXX.XX deg 


XXXX.X nmi 
XXXX.X nmi 
XXbXX min/s 


1. To determine the inertial orientation of the IMU using sightings on two celestial 
bodies using the scanning telescope or the sextant. 


Assumptions: 


1. Time and RCS fuel may be saved, and subsequent IMU alignment decisions greatly 
simplified if this program is performed in such a way as to leave the IMU inertially 
Stabilized at an orientation as close as possible to the optimum orientation required 
by future AGC programs. 
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P51 (continued) 


Sequence of Events: 
V37E51E 


Flashing Checklist Code 
V50N25 Perform Celestial Body Acquisition 


ENTER To Bypass Coarse Align PRO to Flashing V51. 


Flashing Desired Gimbal Angles to OG 
V41N22 Coarse Align to IG 
MG 


No Att tight on. 
No Att light off when coarse align complete. 


F lashing 
V51 Request mark. 


ZERO OPTICS for 15 seconds. 
OPTICS Mode — Manual 
MARK 


PRO 


PRO 


PRO 


PRO 


Flashing Checklist Code 
V50N25 Request terminate mark sequence. 


MARK REJECT and recycle to Flashing V51 if not satisfactory. 


Flashing Celestial Body Code 
VO1N71 0O—planet, 01/45—star, 
46-—sun, 47--earth, 50—moon 
V21E load correct star code. 


If Star Code # O and first mark, recycle to F lashing V51. 
If Star Code # O and second mark, go to Flashing VO6NOS. 


Fiashing Unit Vector Specifies Planet 
VO6N88 Position 


N ~< xX 


V25E to load planet vector. 
If first mark, recycle to Flashing V51. 


Flashing Star Angle Difference* 
VO6NO5 


V32E to recycle to start of program. 
REFSMMAT flag set. 


Flashing Select New Program. 
V37 


*Acceptable NOS Limits 


STAR/STAR SXT 0.03 


STAR/PLANET SXT 0.18 


SCE. O11 


coco 0 0 


SCT 0.21 


00015 


000.00 deg 
000.00 deg 
000.00 deg 


00016 


000 XX 


XKKXKX 
XX KK 
XX KX X 


XXX.XX deg 


eee a 


a ge PS ee 


a 
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P52—IMU REAL?GN PROGRAM 


Purpose: 


1. To align the IMU from a “known” orientation to one of four orientations selected 


by the astronaut using sightings on two celestial bodies with the scanning telescope 
or the sextant: 


a. Preferred Orientation (OOOOF) 


An optimum orientation for a previously calculated maneuver. This orientation 
must be calculated and stored by a previously selected program or previously 
uptinked via P27. 


6. Landing Site Orientation {00G004) 
XSM = Unit (RLS) 
YSm = Unit (25M * Xsmi 
ZSM = Unit {HosM x Xsmi 
where 
The origin is the center of the moon. 


R, .= Theposition of the most recently defined landing site at time T (align) 
elected by the astronaut. 


HceSM = The angular momentum vector of the CSM (RcSm x VcSMI at 
time F {align) selected by the astronaut. 


The landing site option is used for atigning the CSM and LM stable members to 
the same orientation prior to LM/CSM separation and prior to ©M ascent from 
the tunar surface. 


c. Nominal Orientation (00002) 
XSM = Unit (Ys x Zsm) 
Ysm = Unit (V x R} 
ZSM = Unit (-R) 
where 


R = The geocentric (earth orbit) or selenocentric (Junar orbit) radius vector 
at time T (align) selected by the astronaut. 


V = the inertia! vejocity vector at time T (align) selected by the astronaut. 
d. REFSMMAT (00003} 


The present IMU orientation differs from that to which it was last aligned due to 
gyro @rift. This option realigns the IMU to its previous alignment orientation 
(REFSMMAT). 


2. To align the IMU to a predetermined orientation suitable for a plane change {PC) 
maneuver and to reafign the IMU after the maneuver to the pre-PC orientation. 
XSM = Unit (XsmMO cos 45° + YSMO sin 45°) for first maneuver 
XSM = Untt (XsmMO cos a5. - YSMO cos 45°} for second maneuver 
YSM * Unit (25m * Xsm) 
Zsm * 2sSMO 


where subscript ‘0’ refers to the orientation existing before the altgnment. 


Assumptions: 


1. tf the CMC Mode switch ts in CMC-Attitude Hold during the Gyro Torquing routine 
{R55}, the CAP wil! maneuver the vehicle to follow the platform. 


2, An option is provided to point the sextant LOS at astronaut or AGC selected stars 
either manually by crew input or automaticalty under AGC control. 


3. This program may be selected manually or¢ internally by the MINKEY controller in 
conjunction with the plane change maneuver. 


Pi ee 
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P52 (continued) 


Sequence of Events 
If entered automatically by MINKEY controller, go to PC REALIGN 
V37E52 = 


Flashing Option |0 Code 00001 
VO4NO6 Alignment Option OOOOX 
1—preferred, 2—nominal 
3—REFSMMAT, 4—landing site 


V22E to key in desired alignment optson. 
PRO To appropriate option. 
PC REALIGN 


Flashing Gimbal angies which will OG XXX.XX deg 
VO6N22 result from pulse torque to IG XXX.XX deg 
PC orientation MG XXX XX deg 


if MGA is not satisfactory, maneuver vehicte and V32E to recompute N22 angles 
PRO If N22 angles are satisfactory. 


Fiashing MINKEY Pulse Torque Option 
V50N25 Checklist Code 00020 


ENTER If this ts first reorientation maneuver, the pulse torque to PC orientation 1s 
bypassed and MINKEY enters the RCS Burn program (P41). If this is the 
second reorientation maneuver, alarm 00402 is displayed. The platform must 
be torqued to its Originat orientation. 


PRO Commence with pulse torquing. 


Vt6N20 Present |CDU Angtes OG XXxX.XX deg 
IG XXX.AXK deg 
MG XXX.XX deg 


Upon compietion of putse torquing to new orientation, the MINKEY controller 
wil] initiate: 
1. P41 if pre-plane change burn and if Delta V <9 ft/s 


2. P40 if pre-plane change burn and if Delta V = 7fTtls 
3. P33 if ptane-change maneuver completed (second pulse torque) 


LANDING SITE OPTION (00004) 


| Flashing GET of Landing Site Coordinate OOXXXh 

| VO6EN34 System T(Align) O0OXX min 

| OXX.XX s 

V25E to load desired T{Align). 

PRO 
Fiashing Latitude of Landing Site XX.XXX deg (+ north) 
VO6N89 Longitude/2 XX&.XXX deg (+ east) 

Altitude AXX.XA nmi 


V25E to load landing site coordinates. 
PRO To Preferred Option 
NOMINAL OPTION (00002) 


Flashing Same as N34 above, except GET of position and 
| VO6N34 velocity vectors defining nominal coordinate system. 


PRO To Preferred Option 
PREFERRED OPTION (Q000 1) 


Flashing Desired Gimbal Angles for New OG AXX,XX deg 
| VO6N22 Orientation at Present Vehicle IG XXA.XX deg 
| Attitude MG XXX.XX deg 


tf the new orientation yields gimbal tock, maneuver vehicle and V32E to recompute 
Bi (N22) desired gimbal angies. 


y= 
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P52 (continued) 


‘PRO 


Flashing Coarse Align Option — 
VS50N25 Checklist Code 00013 


CMC Mode Switch — FREE 
(Avoids maneuvering vehicie) — Key in ENTER or PRO. 


Gyro Torque Only 


ENTER 
Torques gyros to achieve new orientation (maintains attitude reference). 


V16N20 Monitor Gimbal Angles OG XXX.XX deg 
IG XXX.XX deg 
MG XXX.XX deg 


Go to RECHECK when torquing is complete. 
Coarse Align Only 


PRO Coarse atigns gimbals to achieve new orientation (lose attitude reference). 
No Att light ON until coarse align compiete. 
Go to REFSMMAT option when No Att light out. 


REFSMMAT OPTION (G0003) 


Flashing Checklist Code 00015 
VS50N25 


Request Celestial Body acquisition. 


PRO AGC wil! select two available stars. Use ENTER to specify crew selection of stars. 


MARK SEQUENCE 


Flashing Star |1D Code O00 XX 
VO1N70 


V21E to key in star code. 
ZERO OPTICS for 15 seconds. 
OPTICS Mode — CMC 
PRO For Planet XX = OO; if XX # 00, go to VO6N92_ display. 


Flashing Unit Vector Specifies x XKKKK 
VO6BN88 Planet Position ‘ XKKKX 
Z MKKKXKX 
V22E to specify desired planet vector. 
PRO 
VO6BN92 Desired Optics Anges 
Shaft XXX.XX deg 


Trunnion XX.XXX deg 
CMC drives optics LOS to target. 
OPTICS Mode ~ Manua! 


Flashing Request Mark. 
Vv51 
Mark on Target 
Flashing Checklist Code 00016 
V50N25 


Terminate Mark Sequence option. 


PRO 


PRO 


PRO 


PRO 
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Marking was Okay, if not MARK REJECT. 


Flashing Star |D Code of Body 
VO1N71 Marked On 


V241EXXE if not correct. 


|f Star Code # O and first MARK, recycle to Mark sequence. 
if Star Code # O and second MARK, go to Flashing VO6NO5. 


Fiashing Same as N88 above. 
VO6N88 


V25E to correct planet vector. 
If first MARK recycle to MARK sequence. 


Flashing Star Angle Difference* 
VO6NO5 


If NOS not satisfactory, V32E, and go to RECHECK. 


Flashing Gyro Torque Angles to Fine Align 4 
VOENY93 6 
Z 


Q00XX 


XXX.XX deg 


XX.XXX deg 
XX.XXX deg 
XX.XXX deg 


CMC Mode Switch — Free (Avoids maneuvering vehicle when torquing gyros). 


PRO Torque gyros. V32E to bypass gyro torquing. 
RECHECK 


Flashing Checklist Code 
V50N25 Fine Alignment Option 


PRO Recycles to REFSMMAT option for check on alignment. 
ENTER 


Flashing Select New Program. 
V37 


*Acceptable NO5 Limits 


STAR/STAR SXT 0.03° 
SCT 0.11. 
STAR/PLANET SXT 0.18, 


SCT 0.21 


00014 
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P53-~-BACKUP IMU ORIENTATION DETERMINATION PROGRAM 


Purpose: 
1. To determine the inertial orrentation of the IMU using a backup optical device. 


Assumptions: 
1. This program is identical to P51 except that R56 is called in place of R53. 


2. Fime and RCS fuei may be saved and subsequent IMU alignment decisions greatly 
simplified if this program is performed in such a way as to leave the IMU inertially 
stabilized at an orentation as close as possible to the optimum orientation required 
by future AGC programs. 


Sequence of Events: 


V37E53E 


Flashing Check list Code 00015 
VSON25 Perform Celestial Body acquisition. 


ENTER To bypass coarse align, PRO to Flashing VO6N94. 


Flashing Desired Gimbal Angles OG XXX.XX 
V41N22 to Coarse Align to IG XXX.XxX 
MG XXX.XX 


No Att light on. 
No Att light off when coarse align complete. 


Flashing Optics Angle Coordinates Shaft XXX.XX deg 
VO6N94 for Alternate LOS Trunnion XX.XXX deg 
V24E to load LOS coordinates. 
PRO 
Flashing Request Mark. 
V53 
ENTER 
Does alternate LOS mark. 
Flashing Check list Code 00016 


V50N25 Terminate Mark Sequence 
PRO Key ENTER to reject mark and recycle to Flashing V53. 


Flashing Celestia) Body Code 000 X X 
VOIN71 


V21E to load star code. 


PRO if Star Code # O and first mark, recycle to Flashing VO6NQ4. 
lf Star Code # O and second mark, go to Flashing VO6NOS. 


Flashing Unit Vector Specifies xX XXKXXX 
VO6N88 Planet Position x XK KKK 
2 XXXXX 


V25E to load planet vector. 
PRO if first mark, recycle to Flashing VO6NQ94. 


Flashing Star Angle Difference * XXX.XX deg 
VO6NO5 


PRO V32E to recycle to start of program. 
Set REFSMMAT flag. 


Flashing Select New Program. 
V37 


*Acceptable NOS Limits 


STAR/STAR COAS 0.70, 
STAR/PLANET COAS 0.72 


EE — ______ ane 
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P54-—BACKUP IMU REALIGN PROGRAM 


Purpose: 


1. To align the {MU from a “‘known" orientation to one of four orientations selected 
by the astronaut using sightings on two celestial bodies with a backup optical device: 


a. Preferred Orientation {O0001) 


An optimum orientation for a previously calculated maneuver. This orientation 
must be calculated and stored by a previously selected program or previously 
uplinked via P27. 


b. Landing Site Orientation (00004) 
XSM = Unit (RLS) 
Ysm = Unit (Zsm x XSm) 
Zsm = Unit (Hesm x Xsm) 
where 
The origin is the center of the moon. 


Rus = The position of the most recently defined landing site at time T{align) 
selected by the astronaut. 


Hcsm * The angular momentum vector of the CSM (Rcsm x VcSM) at 
time T {align) selected by the astronaut. 


The Landing Site option is used for aligning the CSM and LM stable members to 
the same orientation prior to LM/CSM separation and prior to £M ascent from 
the lunar surface. 


c. Nominal Ortentation {00002} 
Xsmu = Unit (Ysm * Zs5m) 
Ys = Unit (V x R) 
Zsm = Unit (-R) 
where 


R = The geocentric {earth orbit) or selenocentric {lunar orbit) radius vector 
at time T (align) selected by the astronaut. 


V = The inertial velocity vector at time T {align) selected by the astronaut. 
d. REFSMMAT (00003) 


The present IMU orientation differs from that to which it was last aligned due to 
gyro drift. This option realigns the IMU to its previous alignment orientation 
(REFSMMAT). 


Assumptions: 


1. If the CMC Mode switch is in CMC-Attitude Hold during the Gyro Torquing routine 
(R55), the DAP witl maneuver the vehicle to follow the platform. 


2. This program is identical to P52 except that R56 ts called in place of R52 and R53. 


Sequence of Events: 
V37E54E 


Flashing Option 10 Code 00001 
VO4NO6 Alignment Option 0000X 
1— preferred, 2—nominal, 
3—REFSMMAT, 4—landing site. 


PRO To appropriate option. 


it 
2 

f 
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P54 (continued) 


LANDING SITE OPTION (00004} 


Flashing GET of Landing Site Coordinate 0Oxxx h 

VO6N34 System T(Align} 000XX min 
OXX.XXs 

V25E to load desired T(Align). 
PRO 
Flashing Latitude of Landing Site xx.XXX deg (+ north} 
VO6N89 Longitude/2 XX.XXX deg (+ east) 
Altitude xxxX.XxX nmi 


V25E to load tanding site coordinates. 
PRO To Preferred option. 
NOMINAL OPTION (00002) 


Flashing Same as N34 above except GET of position and velocity 
VO6N34 vectors defining nominal coordinate system. 


PRO To Preferred option. 
PREFERRED OPTION (00001) 


Flashing Desired Gimbal Angles for New OG XXX.XX deg 
VO6N22 Orientation at Present Vehicle IG XX X.XX deg 
Attitude MG XXX.XX deg 


'f the new orientation yields gimbal lock, maneuver vehicle and V32E to recompute 
(N22} desired gimbai angles. 


PRO 


Flashing Checklist Code 00013 
VSON25 Coarse Align Option 


CMC Mode switch — Free (avoids maneuvering vehictel. Key in ENTER or 
PRO 


ENTER 
TorQues gyros to achieve new Orientation (maintains attitude reference), 


V16N20 Monitor Gimbal Angtes OG XXX.XX deg 
IG  XXX.XX deg 
MG XXX.XX deg 


Go to RECHECK when torquing is complete. 
PRO Coarse aligns gimbal to achieve new Orientation (ioses attitude reference). 


No Att light - on. 
No Att light - off when coarse align is complete. go to REFSMMAT option. 


REFSMMAT OPTION (00003) 


Flashing Checklist Code 00015 
VSON25 


Request Celestial Body acquisition. 
PRO AGC will select two available stars. Use ENTER to specify crew selection of stars. 
MARK SEQUENCE 


Flashing Star [1D Code elerep ©. 4 
V0O1N70 


V21E to load star code. 


——— 
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P54 (continued} 


PRO If Star Code # 0, go to Flashing VO6N94. 


Flashing Unit Vector Specifies 
VO6EN88 Planet Position 


V25E to load desired planet vector 


PRO 
Ftashing Optics Angles for Alternate LOS 
VOEN94 
V24E to oad LOS coordinates.. 
PRO 
Flashing 
V53 Request Mark 
ENTER 
Does alternate LOS mark. 
Ftashing Checklist Code 


V50N25 Terminate Mark Sequence 


Nx 


Shaft 


Trunnion 


PRO Key ENTER to reject MARK and recycle to Flashing V53. 


Flashing Ceijestial Body Code of Body 
VO1N71 Marked On 


V21E tocorrect star code. 


PRO If Star Code # O and first mark, recycle to Mark Sequence. 
\f Star Code # O and second mark, go to Flashing VO6NCGS 


Flashing Same as N88 above. 
VO6N88 


V25E to correct planet vector. 
PRO if first mark, recycle to Mark Sequence. 


Flashing Star Angle Difference’ 
VO6NO5 

PRO If NO5 unsatisfactory, V32E and go to RECHECK. 
Flashing Gyro Torque Angles to Fine Align 
VO6N93 


CMC Mode Switch — Free 

(Avoids maneuvering vehicie when torq@uing gyros.) 
PRO Torques gyros. (V32E to bypass gyro toreuing.) 
RECHECK 


Flashing Checklist Code 
V50N25 Fine Alsgnment Option 


PRO Recycles to REFSMMAT option for check on alignment. 


ENTER 
Terminate Program 


Flashing Select New Program 
V37 


*Acceptable NOS Limits 


STAR/STAR COAS 0.70, 
STAR/PLANET COAS 072 


N~< xX 


.XXXKXXX 
XXXXKX 
XXXXX 


XXX. XX deg 
XX.XXX deg 


00016 


O00 X X 


XXX.XX deg 


XX.XXX deg 
XX.XXX deg 
XX .XXX deg 


00014 
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P61—ENTRY—PREPARATION PROGRAM 


Purpose: 


1. To start navigation, check IMU alignment, and provide entry monitor system 
initialization data. 


Assumptions: 


1. The program is entered with adequate freefall time to complete the maneuvers from 
a worst case starting attitude. 


2. The ISS is on and precisely aligned to a satisfactory orientation. 


Sequence of Events: 


V37E61E 
Average G On 
Flashing Impact Latitude XXX.XX deg 
VO6N61 impact Longitude XXX.XX deg 
Roll Attitude Code +0000x 


xX = +1 — heads up/lift vector down 
X = -1 — heads down/lift vector up (normal) 


V25E to load entry data. 


PRO 
Flashing G Max XXX.XXg 
VO6N60 VPRED XXXXX. ft/s 
GAMMA El XXX.XX deg 
GMAX is the maximum predicted acceleration for ENTRY at nominal bank angle 
(L/D ratio = 0.18). VPRED is the predicted inertiatvelocity at Entry Interface 
(El) altitude of 400 k ft. GAMMA El1 is the flight path angle between 
the inertial velocity vector and the local horizontal at El! altitude of 
400 k ft. 
PRO 
Flashing RTOGO XXKXX.X nmi 
V16N63 VIO XXXXX. ft/s 
TFE XXbxXX min/s 
RTOGO is the range to go from a preloaded altitude of 297,432 feet to splash. 
This is approximately 0.05 g altitude. VIO is the predicted velocity at 297,431 feet. 
TFE is the time until 297,43.1-foot altitude is reached. 
RTOGO and VIO may be used for EMS initialization if pad values not available. 
PRO 


AGC advances to P62. 
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P62—ENTRY—CM/SM SEPARATION AND PREENTRY MANEUVER PROGRAM 


Purpose: 
1. To notify crew when the GNCS is prepared for CM/SM separation. 
2. To orient the CM to the correct attitude for atmospheric entry. 


Assumptions: 


1. The program is entered with adequate freefall time to accomplish CM/SM separation 
and complete the maneuver from a worst case starting attitude. 


2. The IMU is satisfactorily aligned for entry. 


3. The program is automatically selected by the Entry—Preparation program (P61) or it 
may be selected manually. 


4. The astronaut may monitor N63 (RTOGO, VIO, TFE) by keying in V16 N63 E. 


Sequence of Events: 


V37E62E 
if entered manually; normally entered automaticaily from P61. 


Average G on. Normally on from P61. 


Flashing Checklist Code 00041 
V50N25 


Perform CM/SM separation. 


Maneuver to Separation Attitude. 

SC Control to SCS. 

CM/SM Separation — On. 

Maneuver to Horizon Track Attitude. 


PRO 
Entry DAP Activated 
Flashing Impact Latitude XX X.XX deg 
VO6N61 Impact Longitude XXX. X deg 
Roll Attitude £0000X 


X = +1 — heads up/lift vector down 
xX = -1 — heads down/lift vector up (normal) 


V25E to load desired data. 
PRO If angle of attack of CM is within 45 degrees of desired, gO to P63. 


VO6N22 Desired Gimbal Angles OG(R)  XXX.XX deg 
IG(P) XXX.XxX deg 


MG(Y) XXX.XX deg 


Roll angle depends on heads up/down option. Pitch depends on the desired 
angle of attack into the atmosphere. When CM is within 45 degrees of desired 
advance to P63. 


AGC Advances to P63. 


P63—ENTRY—-INITIALIZATION PROGRAM 


Purpose: 
1. To initialrze the entry equations, 


2. To continue to hold the CM to the correct attitude with respect to the atmosphere 
for the onset of entry deceleration. 


To establish entry DSKY displays. 


4. To sense 0.05 g and display this event to the crew by selecting the Entry—Post 
0.05 g program (P64). 


Assumptions: 


1. The program is automatically selected by the Entry—CM/SM Separation and 
Preentry Maneuver program (P62). 


Sequence of Events: 


P63 entered automatically from P62. 


VO6BN64 Drag Acceleration XXX.XXg 
[Inertial Velocity XXXXX. ft/s 
Range to Splash XXXX.X nmi 


(+ is overshoot) 
This display may be monitored continuously by keying VI6N64E. 
OPTIONAL DISPLAYS 


VI6N68E 
V 16N68 Commanded Bank Angle (Beta) XXX.XX deg 
Inertial Velocity (V1) XX XXX. ft/s 
Altitude Rate of Change (HDOT) XXXXX. ft/s 
V1IEN63E 
V16N63 Range from EMS Altitude (RTOGO) XXXX.X nmi 
Inertial Velocity at EMS Altitude XXXXX. ft/s 
Time to go Until EMS Altitude XXb XX min/s 
V1I6EN74E 
V16N74 Commanded Bank Angle (Beta) XX X.X X deg 
Inertial Velocity XXXXX. ft/s 
Drag Acceleration XXX.XXQ 


Manual track of horizon reduces pitch error needle as pitch attitude approaches the 
desired angle of attack. 


SC Control Switch - CMC/Auto. 
Entry DAP now controlling vehicle attitude. 


G&N system senses 0.05g drag acceleration. 
AGC advanced to P64. 
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P64-ENTRY—POST 0.05 G PROGRAM 


Purpose: = 

1. To start entry guidance at 0.05 g selecting roll attitude, constant drag level, and drag 
threshold, KA, which are keyed to the 0.05 g point. 

2. Select final phase (P67) when 0.2 g occurs if V < 27,000 ft/s at 0.05 g. 

3, Iterate for upcontrol solution (P65) if V> 27,000 ft/s and if altitude rate and drag 
level conditions are satisfied. 

4. Select final phase (P67) if no upcontrol solution exists with VL > 18,000 ft/s. 

5. To establish the 0.05 g mode in SCS. 

6. Tocontinue entry OSKY displays. 


Assumptions: 
1. 


The program its automatically selected by the Entry~Initialization program (P63). 


Sequence of Events: 


P64 entered automatically from P63 at 0.05 g. 


VO6EN74 Commanded Bank Angle (Beta) XX X.X X deg 
Inertial Velocity (VI) XXXXX. ft/s 
Drag Acceleration (G) XXX.XxXg 
OPTIONAL DISPLAYS 
V16N64E 
: V16N64 Drag Acceleration (G) XXX.XXg 
= Inertial Velocity (VI) XXXXX. ft/s 
3 Range to Splash (RTOT ARG) XXXX.X nmi 
a V16N68E 
V16N68 Commanded Bank Angle (Beta) xX X.XX deg 
ne Inertial Velocity (VI) XXXXX. ft/s 
a Altitude Rate (HDOT) XXXXX. ft/s 


AGC advances to P65 or P67. 


\f VI < 27 k ft/s at 0.05 g, go to P67 when 0.2 g drag is sensed. 

lf Viz=27k ft/s, a constant drag trajectory is flown until HDOT 

becomes more positive than -700 ft/s. A range-to-go check will determine 

if a controlled skip (P65) phase should be entered. The entry is targeted 
nominally for a RTOGO at El which will be too small to satisfy P65 requirement< 
and P67 its entered at this point. 
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P65-—ENTRY—UPCONTROL PROGRAM 


Purpose: 


1. To execute Entry—Upcontrol guidance which steers the CM to a controlled exit 
(skip out) condition. 


2. To establish Entry—Upcontrol displays which are used in conjunction with the EMS 
to determine for the astronaut if the backup procedures should be implemented. 


3. To sense exit (drag acceleration less than Q7 ft/s2) and thereupon to select the 
Entry—Ballistic Phase program (P66). 


4. Where HDOT is negative and the V is sufficiently low (V-VL-C18 neg), the program 
will exit directly to P67 (Final Phase). 
Assumptions: 


1. This program is automatically selected by the Entry—Post 0.05 g program (P64} 
when constant drag control has brought range prediction to within 25 nmi of the 
desired range. It is skipped in earth orbit missions. 


je ee 


Sequence of Events: 
P65 entered automatically from P64. 


Flashing Commanded Sank Angle (Beta) XX X.XX deg 
V16N69 Drag Level at Skipout (OL) XXX.XXg 
Skipout Velocity (VL) XXXXX. ft/s 


PRO Manual response to N69 is not necessary to terminate P65. Selection of P66 or 
P67 by entry guidance provides automatic termination. 


VO6N74 Commanded Bank Angle (Beta) XXX.XX deg 
Inertial Velocity (VI) XXXXX. ft/s 
Drag Acceleration (G) XXX.XXg 
OPTIONAL DISPLAYS 
V1I6EN64E 
V16N64 Drag Acceleration (G) XXX.XXg 
Inertial Velocity (V1) XXXXX. ft/s 
Range-to-Splash (RTOT ARG) XXXX.X ami 
VIEN68E 
V16N68 Commanded Bank Angle (Beta) XXX.XX deg 
Inertial Velocity (V1) XXXxXX. ft/s 
Altitude Rate (HDOT) XXXxXX. ft/s 


AGC advances to P66 or P67. 


P67 will be entered when HDOT its negative and the velocity is sufficiently 
low. P66 will be entered when exit is sensed. 
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P66-ENTRY—BALLISTIC PROGRAM 


Purpose: 
1. To maintain CM attitude during ballistic (skip out) phase for atmospheric reentry. 


2. To sense reentry (drag acceleration builds up to Q7 + 0.5 ft/s? or approximately 
0.2 g) and thereupon to select the Entry-Finalt Phase program (P67). 
Assumptions: 


1. This program is automatically selected by the_Entry—Upcontrol program (P65) 
when drag acceleration becomes less than Q7 ft/s2. 


Sequence of Events: 
P66 is entered automatically from P65. 


VOEN22 Desired Gimbal Angles OG XXxX.XX deg 
to Orient the Vehicle to iG XX X.XX deg 
Correct Angle of Attack MG XXX.XX deg 


Three-axis control of S/C is regained when acceleration falls below 0.05 g and is 
relinquished when the drag increases above this value. 


OPTIONAL DISPLAYS 


V16N64E 
V16N64 Drag Acceleration (G) XXX.XxXg 
Inertial Velocity (VI) XX XXX. ft/s 
Range to Splash (RTOTARG) XX XX.X nmi 
VIEN68E 
V16N68 Commanded Bank Angle (Beta) XXX.XX deg 
Inertial Velocity (V1) XXXXX. ft/s 
Altitude Rate (HDOT) XXXXX. ft/s 
V16N74E 
V16N74 Commanded Bank Angle (Beta) XX X.X X deg 
Inertial Velocity (VI) XXXXX. ft/s 
Drag Acceleration (G) XXX.XXg 


AGC advances to P67. 
P67 is entered at reentry or when approximately 0.2 g is sensed. 
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P67—ENTRY—FINAL PHASE PROGRAM 


Purpose: 


1. To continue entry guidance after Q7F + 0.5 ft/s2 (or approximately 0.2 g) until 
termination of steering when the CM velocity WRT earth = 1,000 ft/s (altitude is 
approximately 65,000 ft). 


2. Tocontinue entry OSKY displays. 


Assumptions: 
~. The program is automaticatly selected by: 
a. P65 when HOOT is negative and the V is sufficiently low (V-VL-C18 neg). 


b. P66 when drag acceleration builds up to Q7F + 0.5 ft/s? (or approximately 
0.2 g). 


c. P64 if no upcontrol solution exists with VL > 18,000 ft/s. 


Sequence of Events: 
P67 is entered automatically from P64, 65, or P66. 


VO6N66 Commanded Bank Angle (Beta) XXX.XxX deg i 
Crossrange Error XXX X.X nmi (+ south) : 
Downrange Error XXX X.X nmi (+ overshoot) 


OPTIONAL DISPLAYS 


V1I6EN64E 
V 16N64 Drag Acceleration (G) XXX.XXKg 
Inertial Velocity (V1) XXXXX. ft/s 
Range to Splash {RTOTARG) xX XX.X ami 
VIEN68E 
V16N68 Commanded Bank Angle (Beta) XXX.XX deg 
Inertial Velocity (V1) XX KX. ft/x 
Altitude Rate {HDOT) XXXXX. ft/s 
V16N74E 
V16N74 Commanded Bank Angle (Beta) XXX.XX deg 
Inertial Velocity (VI) XXXXX. ft/s 
Drag Acceleration (G) XXX.XXg 
Relative velocity reaches 1,000 ft/s 
Flashing Range-to-Splash (RTOT ARG) XXXX.X nmi (+ overshoot) 
V16N67 Present Latitude XXX.XX deg (+ north) 
Present Longitude XX X.XX deg (+ east) 


SC Control — SCS 
Prevent jet firings when Drogue chutes deploy. 


PRO 


Flashing Select New Program. 
V37 


Average G off. 
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P72—LM COELLIPTIC SEQUENCE INITIATION (CSI) 
PROGRAM 


Purpose: 


1. 


2. 


Ss 


To calculate parameters associated with the following concentric flight plan 
maneuvers for LM execution of the maneuvers under the control of the LGC; the 
Coelliptic Sequence Initiation (CSI) and the Constant Delta Altitude maneuver 
(CDH). 


To calculate these parameters based upon maneuver data approved and keyed into 
the AGC by the astronaut. 


To display to the astronaut and the ground dependent variables associated with the 
concentric flight plan maneuvers for approval by the astronaut/ground. 


Assumptions: 


ie 


2 


3. 


4. 


At a selected TPI time the line of sight between the LM and the CSM is selected to 
be a prescribed angle (£) from the horizontal plane defined at the LM position. 


The time between CSI ignition and COH ignition must be computed to be greater 
than 10 minutes for successful completion of the program. 


The time between CDH ignition and TPI ignition must be computed to be greater 
than 10 minutes for successful completion of the program. 


CDH Delta V is selected to minimize the variation of the altitude difference between 
the orbits. 


CSI burn ts defined such that the impulsive Delta V is in the horizontal plane 
defined by the active vehicle position at CSI ignition. 


The pericenter altitude of the orbit following CS! and COH must be greater than 
35,000 feet (lunar orbit) or 85 nmi (earth orbit) for successful completion of this 
program. 


The CSI and CDH maneuvers are assumed to be paralle! to the plane of the CSM 
orbit. However, out-of-plane parameters are computed for TIG(CSI) and displayed. 
In addition, the N81 display is modified to establish an antinode at CSI. 


if P20 is in operation while this program is operating, the astronaut may hold at any 
flashing display and take optics marks, and/or he may allow VHF ranging marks to 
accumulate. 


The ISS need not be on to complete this program unless automatic state vector 
updating is desired by the Universal Tracking program (P2Q}. 


Sequence of Events: 
V37E72E 


This sequence is identical to the P32 manual sequence when entered at TARGETING. 


Record maneuver parameters and transmit to LM. 
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P73—LM CONSTANT DELTA ALTITUDE (CDH) 
TARGETING PROGRAM 


_— 


Purpose: 


“=2n 


1. To calculate parameters associated with the concentric flight plan maneuvers with 
the exception of Coelliptic Sequence Initiation (CSI) for LM execution of the 
maneuvers under control of the LGC. The concentric flight plan maneuvers are the 
Coelliptic Sequence Inttiation (CSI), the Constant Deita Attitude maneuver (CDH), 
the Transfer Phase Initiation (TPI), and the Transfer Phase Final (TPF) or braking 
maneuver. 


2. To calculate these parameters based upon maneuver data approved and keyed into 
the AGC by the astronaut. 


3. To display to the astronaut and the ground dependent variables associated with the 
concentric flight plan maneuvers for approval by the astronaut/ground. 


Assumptions: 


{. This program is based upon previous completion of the Coelliptic Sequence 
Initiation (CSI) program (P72). Therefore: 


a. At a seiected TPI time the line of sight between the LM andthe CSM _ was 
selected to be a prescribed angle (E) from the horizontal plane defined at the 
active vehicle position. 


b. The time between CS! ignition and CDH ignition was computed to be greater 
than 10 minutes. 


c. The time between CDH ignition and TPI ignition was computed to be greater 
than 10 minutes. 


d. The variation of the altitude difference between the orbits was minimized. 
e. The CSI burn was defined such that the impulsive Delta V was in the horizontal 
plane defined by the active vehicle position at CSI ignition. 


f. The pericenter aftitudes of the orbits following CS! and COH were computed to 
be greater than 35,000 feet (lunar orbit) or 85 nmi (earth orbit). 


g. The CSI and CDH maneuvers were assumed to be parallel to the plane of the 
CSM orbit; however, out-of-plane parameters are computed for TIG(CDH) and 
displayed. In addition, the N81 display is modified to establish an antinode at 
CDH. 


2. If P20 is in operation while this program ts operating, the astronaut may hold at any 
flashing display and take optics marks, and/or he may allow VHF ranging marks to 
accumulate. 


3. The ISS need not be on to complete this program unless automatic state vector 
updating is desired by the Universal Tracking program (P20). 


Sequence of Events: 
V37E73E 


This sequence is identical to the P33 manual sequence when entered at TARGETING. 
Record maneuver parameters and transmit to LM. 
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P74—LM TRANSFER PHASE INITIATION (TP)) 
TARGETING*PROGRAM 


Purpose: 
1. To calculate the required Delta V and other initial conditions required by the LGC 
for LM execution of the Transfer Phase Initiation maneuver, given: 
a. Time of ignition (TIG(TPI)) or the elevation angle (E) of the LM/CSM LOS at 
TIG(TPI). 
b. Central angle of transfer (CENTANG) from TIG(TPI) to intercept time 
TIG(TPF). 
2. Tocalculate TIG(TPI) given E or E given TIG(TP)). 


| 3. To display to the astronaut and the ground certain dependent variables associated 
with the maneuver for approval by the astronaut/ground. 


Assumptions: 

1. The program must be done over a tracking station for real-time ground participation 
in AGC data input and output. 

2. tf P20 is in operation while this program is operating, the astronaut may hold at any 
flashing display and take optics marks, and/or he may allow VHF ranging marks to 
accumulate. 

3. Once the parameters required for computation of the maneuver have been 
completely specified, the vatue of the active vehicle central angle of transfer is 

computed and stored. This number wii! be availabie for display to the astronaut 
through the use of VO6 N52. 
The astronaut would call this display to verify that the central angle of transfer of 


the active vehicle is not within 170 to 190 degrees. If the angle is within this zone, 
the astronaut should reassess the input targeting parameters based upon Delta V and 


expected maneuver time. 
4. When determining the initial position and velocity of the target at intercept time, 


either conic or precision integration may be used. The time difference for computa- 
tion is approximately 10:1 (that is, conic integration is 10 times faster than 


precision integration). 


5. The ISS need not be on to complete this program unless automatic state vector 
updating is desired by the Universal Tracking program (P20). 


Sequence of Events: 


V37E74E 
This sequence is identical to the P34 manual sequence when entered at TARGETING. 
Record maneuver parameters and transmit to LM. 
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P75—LM TRANSFER PHASE M!tDCOURSE (TPM) 


TARGETING PROGRAM 
Purpose: 
1. To calculate the required Delta V and other initial conditions required by the LGC | 


for LM execution of the next midcourse correction of the transfer phase of an active 
LM rende2vous. 


Assumptions: 


1. IF P20 is in operation while this program is operating, the astronaut may hoid at any 
flashing display and take optics marks, and/or he may allow VHF ranging marks to t 
accumulate. 


2. Once the parameters required for computation of the maneuver have been 
completely specified, the value of the active vehicle central angle of transfer is 
computed and stored. This number will be available for display to the astronaut 
through the use of VO6 N52. 


The astronaut would call this display to verify that the central angle of transfer of 
the active vehicle is not within 170 to 190 degrees. If the angle is within this zone 
the astronaut should reassess the input targeting parameters based upon Delta V and 
expected maneuver time. 


3. The time of intercept (T(IINT)) was defined by previous completion of the LM 
Transfer Phase Initiation (TPI) program (P74) and is presently available in AGC 
storage. 


} 
4. There is no requirement for {SS operation during this program unless automatic 
state vector updating is desired by the Universal Tracking program (P20). 

| 


Sequence of Events: 
V37E75E 


This sequence is identical to the P35 manual sequence when entered at TARGETING. 
Record maneuver parameters and transmit to LM. 
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P76—TARGET DELTA V PROGRAM 


Purpose: 


1. To provide a means of notifying the AGC that the _M has changed its orbital 
parameters by the execution of a thrusting maneuver. 


2. To provide to the AGC the Delta V applied to the LM to enable an updating of the 
LM state vector. 


Assumptions: 

1. The CSM crew has the Deita V to be applied by the ~M in Jocal vertical axes at a 
specified TIG. These values are displayed prior to T!G by the Prethrust Targeting 
program in the LM. No provision ts made in these thrusting programs to disptay the 
results of the maneuver in a form usable by this routine. if the burn is not nominal 
and this Delta V is not as specified or if TIG is not as originally specified, consuit 
backup procedures. 


2. tn the event of an uplink failure, the astronaut can create a reasonable LM state 
vector for LM insertion into orbit from the lunar surface by keying in the expected 
LM thrusting maneuver from the lunar surface while the surface flag is set. This will 
cause the computer to take the position vector of the landing site and add the 
inputted Delta V and store the results in the LM state vector. Fhe landing site will 
not be altered. 


3. This program may be selected manually or internally by the MINKE Y controller. 


Sequence of Events: 
If entered automatically by the MINKEY controller, go to Flashing VO6GN33. 
V37E76E 


Flashing Time of ignition of LM thrusting OOXXX h 
VO6N33 maneuver TIG OO0XX min 
OXX.XX § 


T1G is loaded with CSM caJculated TiG from targeting program 
V25E to modify TiG. 


PRO 
Flashing Delta V of LM at TIG in X XXXX.X ft/s 
VO6N84 Local Vertical Coordinates y XXXX.X ft/s 
Z XXXX.X ft/s 
N84 jis loaded with the negative of the CSM targeting solution, modified for 
out-of-plane velocity (YOOT). iF CSM actually did burn, N84 is loaded 
with zero, 
V25E to modify Delta V. 
PRO If manual sequence, go to Flashing V37 


if MINKEY sequence, the next targeting program in the rendezvous 
sequence js initiated. The maneuver sequence is: 

Multiple Coelhiptic Sequence Initiation (CSi) maneuvers (P32), 
Height Adjustment (HAM) maneuver (?31), 

Finat Coelliptic Sequence !nitiation {(CSI) maneuver (P32), 
Plane change (PC) maneuver {P36)*, 

Constant Delta Altitude {(COH) maneuver (P33), 

Transfer Phase Initiation {TPi) maneuver (P34), 

Transfer Phase Midcourse (TPM) number one maneuver (P35}, 
Transfer Phase Midcourse (7PM) number two maneuver (P35), 
Final Rendezvous Attitude maneuver and display (P79). 


“If P76 is entered after the PC maneuver and an IMU PC reorientation was 
performed, MINKEY returns to P52 for a realignment of the IMU to its 
original orientation prior to selection of the CDH targeting program. 


DONAM AWN > 


Flashing 
V37 Select new program (manual! sequence) 
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P77-CSM TARGET DELTA V PROGRAM 


Purpose 


1. To provide a means of notifying the CMC that CSM has changed for will change) its 
orbital parameters by the execution of a thrusting maneuver when Average G is not 
running. 

2 To provide to the CMC the Delta V applied to the CSM to enable an updating of the 
CSM state vector. 


Assumptions: 
1. The crew has the Delta V applied to the CSM in local verticat coordinates at a 
specified TIG_ 


2. RO3 should be performed after P77 to update CSM mass. 
3. The contents of N81 is the same as the previous vatue at entrance to P77. 


Sequence of Events: 


V37E77E 
Flashing TIG at which Deita V OOXXX h 
VOEBN33 maneuver was executed 000 XX min 
OXX XX s 
V25E to Load TIG 
PRO 
F lashing Deitta V executed in Xx XXXX.X ft/s 
VO6BN81 Locat Vertical Coordinates Y XXXX.X ft/s 
Z XXXX.X ft/s 
V25E to load Delta V 
PRO 
| Flashing 
V37 Select New Program 
i P79-FINAL RENDEZVOUS PROGRAM 
Purpose: 


1, To establish X-axis tracking by P20. 
2. To select the rendezvous parameter display (R31) internaly to provide range and 
range rate information prior to the braking phase of rendezvous. 
Assumptions: 


1, This program may be selected manually or internally by the MINKEY controller. 


Sequence of Events: 


é If entered automaticaity by MINKEY controtler, goo to MANEUVER. 
V37E79E 
Note: If P20 rendezvous options is notrunning, P20 Option O ts activated now. 
MANEUVER 


If the tracking attitude error Detween the vehicle X-axis and the LOS to the LM 
is less than 10 (computed by P20/R61), go to DISPLAY. 


: Fiashing Desired FOAi angles for OG{R) XXX.XX deg 
| V50N18 au tomaneuver 1G(P) XXX.XX deg | 
MG(Y) XXX.X XK deg | 
PRO 
; VO6N18 Maneuver in Progress | 
When maneuver is complete, go to DISPLAY | 
Note: P20{(R61) will maintain tracking attitude computations. If the attitude error becomes 
t greater than 10 , the astronaut wili be aterted by: UPLINK ACTY fight on. 
' 
; V5S8E 
Request automaneuver execution. Go to MANEUVER. 
| P DISPLAY 
Flashing Range XXX. XX nmi 
V16N54 Range Rate XXXX.X ft/s 
THETA XXKXK.XX deg { 
| 
PRO 
Flashing 


V3? Selec? New Program 
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RO7- MINKE Y CONTROLLER ROUTINE 


Purpose: 


= 


To perform automatic sequencing of rendezvous programs. 
To establish Universal Tracking program (P20) Option O, with present values for P20 


2, 
displays. 
3. To perform Target Delta V (P76) after each rendezvous maneuver with 
appropriately computed P76 displays 
Assumptions: 


1. 


The initialization values for the W matrix must be loaded prior to selection of a 
rendezvous targeting program 


2. This routine is initiated by astronaut selection of a rendezvous targeting program or 


the Rendezvous Final Phase (P79) program. 


Sequence of Events 


The following sequence is presented as a summary of program flow and significant 
event occurrence for a nominal rendezvous. The MINKE Y controller may be activated 


at any of six reset points: pre-HAM (P31), pre-CS1 (P32), pre-PC (P36), pre-CDH (P33), 


pre-TP\ {P34}, of pre-TPM (P35}. This sequence is initiated at the HAM maneuver 
prior to the final CSI maneuver; however, multipie CSI maneuvering may be 
sequenced by the MINKEY controller. 


P31 (HAM Targeting) 


1. Start rendezvous navigation {P20. Option 0} with optics tracking 
assumed; maneuver tO track attitude and enable VHF ranging and 


state vector updating. 
Perform HAM targeting computations. 
inhibit rendezvous navigation. 


Setect a burn program*. 
Update LM orbita! parameters (P76) for LM thrusting maneuver. 


a 


Select final coelliptic sequence initiation targeting {P32). 


P32 (CS! Targeting) 


le Start rendezvous navigation (P20), maneuver to tracking attitude, 
and enable VHF ranging and state vector updating. 


Perform CSI targeting computations. 

Inhibit rendezvous navigation. 

Sefect a burn program *. 

Update LM orbital parameters (P76) for LM thrusting maneuver. 


On pwn 


Selection of a subsequent targeting program is based on the number of 
apsides (NN) before COH. For a multiple CS! rendezvous sequence the 


number of apsides wil! be greater than 4. 


a. If NN => 4, select Coelliptic Sequence Initiation targeting 
(P32). 
b. If NN = 4, select Height Adjust Maneuver targeting (P31). 
Cc. If NN< 4, select Plane Change targeting (P36). 
P36 (PC Targeting} 
1. Start rendezvous navigation (P20), maneuver to tracking attitude, and enable 
VHF ranging and state vector updating. 

2: Perform PC targeting computations. 

3s Inhibit rendezvous navigation. 

4. Plane change realignment option: 
a. If PC Delta V = 0. go to LM Oelta V update (P76). Step 7 
b. If PC Delta V# O, select IMU Realignment (PS2) program. 


(1) If X-axis thrusting desired, reatign IMU to PC 
Orientation to avoid gimbal lock and go to selection 
of burn program, Step 5. 


{2} If Y-axis thrusting desired, IMU realignment is 
bypassed and RCS burn program (P41) is sefected. 
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RO? (continued) 


Select a burn program* (P41 selected if Y axis RCS used). 


Reorient IMU to original orientation prior to PC realsgn and maneuver to LM tracking 
attitude (only if IMU realignment was performed). 


Update LM ortstal parameters {P76) for LM thrusting maneuver. 
Select Constant Delta Altitude targeting (P33). 


P33 (CDH Targeting) 


qe 


2 
3 
4. 
5 


6. 


Start rendezvous navigation (P20), maneuver to tracking attitude, 
and enable VHF ranging and state vector updating. 


Perform CDH targeting computations. 

Inhibit rendezvous navigation. 

Select a burn program*, 

Update orbital parameters (P76) for LM thrusting maneuver. 
Select Transfer Phase Initiation targeting (P34) 


P34 (TPt Targeting) 


1. 


SU PON 


6. 


Start rendezvous navigation {P20), maneuver to tracking attitude, and 
enable VHF tracking and state vector updating. 


Perform TPI targeting computations. 

Inhibit rendezvous navigation. 

Select a burn program®. 

Update LM orbital parameter (P76) for LM thrusting maneuver. 
Select Transfer Phase Midcourse targeting (P35). 


P35 (TPM Targeting) 


1. 


ete Nae ane aoe 


Start rendezvous navigation {P20), maneuver to tracking attitude, and 
enable VHF tracking and state vector updating. 


Perform TPM targeting computations and reinitialize W matrix. 
Inhibit rendezvous navigation. 

Select a burn program”. 

Update LM orbital parameters (P76) for _M thrusting maneuver. 
Test for completion of midcourse correction (MCC) maneuver. 


a. If MCC-1 just completed, return to TPM targeting (P35) 
for MCC.2 maneuver computations. 


b. If MCC-2 just completed, go to final rendezvous (P79). 


P79 (Final Rendezvous) 


1. 


2. 
3. 


Start rendezvous navigation (P20), maneuver to X-axis tracking attitude, 
and enable VHF tracking and state vector updating. 


Activate rendezvous parameters display (R31) of range, range rate, and theta. 
Exit MINKEY autosequencing and manually select new program. 


*Automatic selection of a burn program (P40/P 41) is based upon the Delta V solution computed 
in the targeting program: 


ty 
2. 


If Delta V& 7 ft/s, the RCS Burn (P41) program is selected. 
tf Delta V => 7 ft/s, the SPS Burn (P40) program is selected. 
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LM SOFTWARE 


LUMINARY IE 
(REV 210 OF LUMINARY) 
LM DSKY 
COMPUTER PROGRAMS 
COMPUTER ROUTINES 
VERB CODES 
NOUN CODES 
ALARM CODES 
OPTION CODES 
CHECKLIST CODES 
FLAGWORD BIT ASSIGNMENTS 
IMODES30 AND IMODES33 
CHANNEL BIT ASSIGNMENTS 
COMPUTER PROGRAM DESCRIPTION 


LM-2 
LM OSKY 


UPLINK ACTY light —is energrzed by the first character of a digital) UPLINK message 
received by the LGC. 


NO ATT Light —is energized when the LGC is in the Operate mode and there is no tnertial 
reference. that is, the ISS ts off. caged, or tn the Coarse Align mode. 


STBY Light —is energized when the LGC is in the Standby mode and decnergized when the 
LGC is in the Operate mode. 


KEY REL Light 
1. Energized when 
a. An internal display comes while the astronaut has the OSKY. 


An astronaut keystro«e is made while an internal flashing display is currently 
on the DSKY. 


c. The astronygut makes a keystroke on top of (his own) Monitor Verb display. 
2. Deenergized when. 
a. Astronaut relinquishes the OSKY by operating the KEY REL button. 
b. Astronaut terminates his current sequence normally, for example: 
£1) with finat ENTR of a toad sequence. 
(2) the ENTR of a response to a flashing display. 
(3) the ENTR of an extended verb request. 
OPR ERR Light ~is energized when the OSKY operator performs an improper sequence of 
key depressions. 


DAP NOT IN CONTROL Light ‘unmarked) — The DAP NOT IN CONTROL light on the 
DSKY is a constant indication to the astronauts whether or not the PGNS digital autopilot 
is controlling the spacecraft attitude. It is lit whenever the autopilot ts in the tdte, Off, or 
Minimum Impulse mode; it is extinguished in all other modes. 


PRIORITY OD?#SPLAY Light (unmarked) — The PRIORITY DISPLAY itght will alert the 
astronaut thai a priority display from P20 is waiting to come up if he is using the DSKY 
over a foreground program and the KEY RELEASE light is already on. 


1. The tight is turned on when a priority display is put up. 
2. The light will be turned off for: 
a. A response to the display of PROCEED, V33ENTER, V32ENTER, V34ENTER. 


b. A response of V37E (change Major Mode}, V36E {Fresh Start), VSGE (Terminate 
Tracking). 


TEMP Light — The LGC receives a signal from the IMU when the stable member 
temperature is in the range 126.3° F to 134.3° F. In the absence of this signal. the TEMP 
tamp on the OSKYY is acutated. 


GIMBAL LOCK Light — is energized when the middie gimbal angle exceeds + 70 degrees 
from its zero position. When the middle gimbal angles exceeds +85 degrees from its zero 
position the LGC automatically commands the Coarse Align mode in the ISS to prevent 
gimbal) oscillation. The NO ATT light will then be energized. 


PROG Light — Under a variety of situations a program alarm is generated. The program 
alarm actuates the PROG lamp on the OSKY. 


RESTART Light — In the event of a RESTART during operation of a program, a latch is set 
in the LGC which illuminates the RESTART lamp on the OSKY untit the latch is manually 
reset by pressing RSET. 


TRACKER Light — When the Rendezvous Radar is on, the light is energized when: 
1. aRRCOU failed with the RAR in the Auto mode and RR COU’s not being zeroed. 
2. whenthe RR Data Good bar discrete occurs during an LGC data read sequence. 


ALT Light —When the Landing Radar is on, the light is energized (on steady or flashing} 
when: 


4. LR Range Data Good discrete was not oresent before and after LR altitude 
sampling {STEADY). 
2. LR Altitude Reasonability test was faited (FLASHING). 


VEL Light —When the Landing Radar is on, the light is energized (on STEADY or 
FLASHING) when: 


1. CR Velocity Data Good discrete was not present before and after LR velocity 
sampling (STEADY). 


2. LR Velocity Reasonability test was failed {FLASHING). 
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LM-3 ! 


COMP ACTY Light —is energized when tl:e LGC is occupied with an internal sequence. ‘ 


Display Panel — consists of 24 electrotuminescent sections. Each section is capable of ; 
displaying a decimal character or remaining blank, except the three sign sections. These , 


display a plus sign. a minus sign, or a blank. The numerical sections are grouped to form 
three data display registers, each of five numericat characters; and three control disélay 
registers. each of two numerical characters. The data display registers are referred to as R1, 
R2, R3. The control disptay registers are known as VERB, NOUN, and PROGRAM. 


At maximum activity, the complete display panei may be updated in 0.80 second. 


Keyboard --contains the following buttons: 


1. VERB — Pushing this button indicates that the next two numerical characters 
keyed are to be interpreted as the Verb Code. 


2. NOUN — Pushing this button indicates that the next two numerical characters 
keyed are to be interpreted as the Noun Code. 


3. + and- — are sign keys used for sign convention and to identify decima! data. 


b 


O - 9 —are numerical keys. 


5. CLR — is used during a data loading sequence to blank the data display register 
(R1, R2, R3) being used. It allows the operator to reload the data word. 


6. PRO —This pushbutton performs two functions: 


a. When the LGC is in the Standby mode, pressing this button wil! put the LGC 
in the Operate mode, turn off the STBY light. and automaticalty select 
Routine OO in the LGC, after restoring the clock. 


b1. When the LGC isin the Operate mode but Program O06 is not selected, pressing 
the button will provide the ‘Proceed’ function. 


b2. When the «GC is in the Operate mode and Program O6 is selected, pressing the 
button wilt put the LGC in the Standby mode and turn on the STBY light. 


7. ENTR —is used in three ways: 


- a. To direct the LGC to execute the Verb/Noun now appearing on the 
4 Verb/Noun lights. 


b. To direct the LGC to accept a data word just loaded. 
c. To respond to a ‘Please Perform” request. 


8. RSET —turns off alarm indicator on the OSKY providing the alarm condition has 
been corrected. 


ee% 


* Labels shown are not on lights. 


PHASE 


Service 


Ascent 


Coast 


Pre- 
thrusting 


Thrusting 


Align- 
ments 


Descent 


Aborts 


and 
Backups 
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PROGRAMS FOR PROGRAM LUMINARY 


PROGRAM NUMBER 


00 
06 


12 


rROGRAM TITLE 


LGC Idting ~— 
LGC Power Down 


Powered Ascent 


Rendezvous Navigation 
Ground Track Determination 
Lunar Surface Navigation 
Preferred Tracking Attitude 
LGC Update 


Externat Delta V 

Coeltiptic See@uence Initiation {CSl) 
Constant Deita Altitude (CDH) 
Transfer Phase Initiation (TPH) 
Transfer Phase Midcourse (TPM) 


OPS 
RCS 
APS 
Thrust Monstor 


IMU Orientation Determination 
IMU Reatign 
Lunar Surface Align 


Braking Phase 
Approach Phase 
Landing Phase (ROD) 
Landing Confirmation 


DPS Abort 

APS Abort 

CSM Coelliptic Sequence Initiation (CSI} Targeting 
CSM Constant Delta Altitude (CDH) Targeting 
CSM Transfer Phase initiation (TPI) Targeting 
CSM Transfer Phase Midcourse (TPM) Targeting 
State Vector Update (CSM} 

State Vector Update (LM) 


oi 
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4 ROUTINES FOR PROGRAM LUMINARY 
ROUTINE ROUTINE TITLE 
= = 00 Final Automatic Request Terminate 
a O1 Erasable Modification ~~ 
Be 02 IMU Status Check 
O3 DAP Data Load 
' 04 Rendezvous Radar/Landing Radar Self-Test 
O05 S-Band Antenna 
09 R310/R11/R12 Service 
] 10 Landing Analog Displays 
Be 11 Abort Discretes Monitor 
‘4 12 Descent State Vector Update 
abs: Landing Auto Modes Monitor 
E 20 Landing Radar/Rendezvous Radar Read 
| 21 Rendevzous Radar Designate 
22 Rendezvous Radar Data Read 
23 Rendezvous Radar Manual Acquisition 
24 Rendezvous Radar Search 
25 Rendezvous Radar Monitor 
om 26 Lunar Surface RR Designate 
i 30 Orbit Parameter Display 
= 34 Rendezvous Parameter Display 
33 LGC/AGC Clock Synchronization | 
36 Out-of-Plane Rendezvous Display | 
40 DPS/APS Thrust Fail 
44 State Vector integration ({MIDTOAVE} 
47 AGS Initialization | 
50 Coarse Align { 
51 In-Flight Fine Align | 
52 Auto Optics Positioning 
53 AOT Mark 
54 Sighting Data Display 
ui 55 Gyrotorquing 
co *| 56 Terminate Tracking 
57 MARKRUPT 
on 58 Celestial Body Definition 
5g Lunar Surface Sighting Mark 
| 60 Attitude Maneuver 
' 61 Preferred Tracking Attitude 
id 62 Crew-Defined Maneuver 
tt 63 Rendezvous Finat Attitude 
oH 65 Fine Preferred Tracking Attitude 
76 Extended Verb Intertock 


| | 77 LR Spurious Test 


= 
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LIST OF VERBS USED IN PROGRAM LUMINARY 


REGULAR VERBS 


0.8) Not in use 

01 Display Octal Component 1 in R1 

02 Display Octal Component 2 in R1 

03 Display Octal Component 3 in R1 

04 Display Octal Components 1, 2 in R1, R2 

05 Display Octal Components 1, 2,3 inR1, R2, R3 
06 Display decimal in R1 or R1, R2 or R1, R2, RB 
O07 Display DP decimal in R1, R2 (test oniy) 

08-10 Spare 

11 Monitor Octal Component 1 in R1 

12 Monitor Octal Component 2 in R1 

13 Monitor Octat Component 3 in R1 

14 Monitor Octal Components 1, 2 in R1, R2 

15 Monitor Octal Components 1, 2, 3 in R1, R2, R3 
16 Monitor decimal in R1 or R1, R2or R1, R2, R3 
17 Monitor DP decimal in Rt, R2 (test only) 
18-20 Spare 

21 Load Component 1 into R1 

22 Load Component 2 into R2 

23 Load Component 3 into R3 

24 Load Components 1, 2 into R1, R2 

25 Load Components 1, 2, 3 into R1, R2, R3 

26 Spare 

2 Display Fixed Memory 

28-29 Spare 

30 Request EXECUTIVE 

31 Request WAITLIST 

32 Recycle program 

33 Proceed without DSK Y inputs 

34 Terminate function 

35 Test lights 

36 Request FRESH START 

37 Change program (major mode) 


38-39 Spare 
EXTENDED VERBS 


40 Zero CDU’'s (specify N20 or N72) 

41 Coarse align CDU‘s (specify N20 or N72) 

42 Fine align IMU 

43 Load {MU attitude error needtes 

ag Terminate RR continuous designate {V41N72 Option 2) 
45-46 Spare 

47 Initialize AGS (R47) 

48 Request DAP Data Load routine (RO3) 

49 Request Crew Defined Maneuver routine (R62) 
50 Please perform 

51 Spare 

52 Mark X reticle 

53 Mark Y reticle 

54 Mark Xor Y reticte 

55 increment LGC time (decimal) 

56 Terminate tracking (P20 and P25) 

57 Permit Landing Radar updates 

58 Inhibit Landing Radar updates 

59 Command LR to Positon 2 


60 Display vehicle attitude rates on FDAI error needles 


| 
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LIST OF VERBS USED IN PROGRAM LUMINARY 


Display DAP following attitude errors 

Display total attitude errors with respect to N22 
Sample radar once per second {R04} 

Request S-Band Antenna routine (ROS) 

Disable U and V jet firings during DPS burns 
Vehicles are attached. Move this vehicle state vector to other vehicle 
Display W matrix 

Cause Lunar Terrain mode} to be bypassed 

Cause RESTART 

Start LGC update, liftoff time (P27) 

Start LGC update, block address (P27) 

Start LGC update, single address (P27) 

Start LGC update, LGC time (P27) 

[nitialize erasable dump via DOWNLINK 

Enable U and V jet firings during DPS burns 
Minimum Impulse Command mode 

Rate Command and Attitude Hold mode 

Start LR spurious test (R77) 

Stop LR spurious test 

Enable LM state vector update 

Enable CSM state vector update 

Request Orbit Parameter dispiay (R30) 

Request Rendezvous Parameter disptay (R31) 

Spare 

Display Rendezvous Radar LOS azimuth and elevation 
Spare 

Request Rendezvous Final Attitude maneuver (R63) 
Request Out of Plane Rendezvous display (R36) 
Display BANKSUM 

Start IMU performance tests (ground use) 

Enable W matrix initialization 

Spare 

No update of either state vector allowed (P20 or P22) 
Interrupt integration and go to POO 

Perform Engine Fail procedure (R40) 

Spare 

Ptease Enable Engine Ignition 
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LIST OF NOUNS USED IN PROGRAM LUMIjNARY 


Not in use 


XXXXX fractiona} 
X<XXXX fractional 
XXXXX fractional 


Specify address (fractional) 


XXXXX. integer 
XXXXX. integer 
XXXXX. integer 


Specify address (whole) 


03 


O04 


O05 


O6 


O07 


08 


10 


11 


12 


13 


14 


1 


16 


17 
18 


Specify address {degree} XXX.XX deg 
XXX.XX deg 
XXX.XX deg 
Angular error/difference XXX.XX deg 
Angutar error/difference XXX.XX deg 
Option code ID Octal ' 
Option code Octal 
Data code Octal 
ChannelsE Memory operator 
ECADR Octal 
BiT 1D Octal 
Action Octal 
Atarm data 
; 
AORES Octal i 
BBANK Octal , 
ERCOUNT Octal 
Alarm codes 
First Octal 
Second Octal 
Last Octal 
Channel to be specified Octal 
TIG of CSI/T (APO APS!S} OOX XX. h 
000X xX. min 
OXX.XXs 
Option code (extended verbs only} Octal 
Octal 
TIiG of COH OOXXX.h 
000X xX. min 
OXX.XXs 
CHECKLIST (used internally by extended verbs only; XXXXX. 
N25 is pasted after display) 
1ncrement address Octa! 
Time of event (used by extended verbs only) OOX XX. h 
000 XX. min 
OXX.XX s 


Spare 


Desired automaneuver F DAI bali angtes 


R XXX.XX deg 
P XXX.XX deg 
Y XXX.XX deg 


19 
20 


21 


22 


23 
24 


25 
26 


27 


28-31 


32 


3S) 


34 


35 


36 


oF 


38 


LIST OF NOUNS USEO IN PROGRAM 


Spare 


Present |CDU angles 


PIPA‘s 


Desired |CDU angles 


Spare 


Delta time for LGC clock 


CHECKLIST (used with V50) 


PRIO/DELAY, ADRES, BBCON 


Self-test on/off switch 


Spare 


Time from perigee 


Time of ignition 


Time of event 


Time from event 


Time of LGC clock 


Time of ignition (TP}) 


Time of state being integrated 


Spare 


LUMINARY 


XXX.XX deg 
XXX.XX deg 
XXX.XX deg. 


XXXXX. puises 
XXXXX. pulses 
XXKXXXX. pulses 


XXXK.XXK deg 
XXX.XX deg 
XXX.XX deg 


OOXXX.h 
OOOXX. min 
OXX.XXs 


XKXXX. 


Octal 
Octal 
Octal 


KKK XX. 


OOXXxX.h 
OOOXX. min 
OXX.XXs5 


OOXXX.h 
OOOXX. min 
OXX.XXs 


OOXXxX.h 
OOOXX. min 
OXX.XXs 


OOXXX.h 
O00OXX. min 
OXX.XXs 


OOXXxX.h 
OOOXX. min 
OXX.XX s 


OOXXX.h 
O00 XX. min 
OXX.XXs5 


OOXXX.h 
OOOXxX. min 
OXX.XXs5 


40 


4) 


42 


43 


Ag 


45 


47 


49 


90 
51 


52 


53 


54 


95 


56 


57 
58 


LM-10 


LIST OF NOUNS USED IN PROGRAM LUMINARY 


Time from ignition/cutoff 


Delta V (accumulated) 


Target (V92 only) 


Azi muth 
Flevation 


Apocenter altitude 
Pericenter altitude 
Delta V (required) 


Latitude 
Longitude 
Altitude 


Apocenter altitude 
Pericenter altitude 
TFF 


Marks 
Time from ignition of next/last burn 
Middle gimbal angle 


DAP configuration 
Switch function fail code 


LM weight 
CSM weight 


Gimbal pitch trim 
Gimbal roll trim 


Delta R 


Delta V 
Radar data source code 


Spare 
S-band antenna angles 


Pitch (Alpha) 
Yaw (Beta) 


Central angle of active vehicle 
Spare 

Range 

Range rate 

Theta 

Number of apsida! crossings 
Elevation angle 

Central angle of passive vehicle 
RR LOS 


Azimuth 
Elevation 


Spare 
Pericenter altitude (post TP!) 


Delta V (TP!) 
Delta V (TPF) 


XX b XX min/s 
XXMX_&M ft/s 
XMM ft/s 


XXX.XX deg 
KXX.XXX deg 


XXXX.X nmi 
XXMX.M NM 
XXXMM OM ft/s 


XXX.XXM deg (+ north) 
XXX.XX deg (+ east) 
XXXX.XM ami 


XXAR.A NMI 
XMXX.XM nmi 
xX b XX min/s 


MMR. 
XX Db RA min/s 
AKAM AM Geg 


Octal 
Octal 


AXAXX, ib 
AKARKX., ID 


XXX.XX deg 
XXX.XX deg 


XXXX.X nmi 
XXXX.X ft/s 
0000X 


XXX.XX deg 
XXX.XX deg 


XXX.XX deg 


XXX.XX nm 
XXXKX.X ft/s 
XXX.XX deg 


KRM, 
AKXA.AXA deg 
AXK.XR deg 


XXX.XX deg | 
XXX.XX deg 


XXXX.X nmi 
XXX XM ft/s 
KAXM.X ft/s 


“Display cannot be changed via a data load (that is, V25 NX XE, and so forth) 
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60 


61 


62 


63 


65 


66 


67 


69 


70 


71 


72 


73 


74 


75 


t 


t 


LM-13 


LIST OF NOUNS USED IN PROGRAM LUMINARY 


Delta V LOS 1 
Delta V LOS 2 
Delta V LOS 3 


Forward velocity 
Altitude rate 
Computed altitude 


Time to go 1n braking phase 
Time from ignition 
Crossrange distance 


Absolute value of velocity 
Time from ignition 
Deita V {accumulated} 


Delta Altitude (4LR >LGC) 
Altitude rate 
Computed altitude 


Time ieft for redesignations (TR}/LPO 
Altitude rate 
Computed altitude 


Sampled LGC time ‘fetched tn interrupt} 


LR stant range (2) 
LR position (R3) 


LR VX 
LR VY 
LR V2 


Ground range to (anding site 
Time togo in braking phase 
Absoijute value of velocity 


Landing site correction 
Landing site correction 
Landing site correction 


AOT detent code/star code {before mark) 


AOT detent code/star (after mar} 
Mark X/Cursor Counter (Max = 5} 
Mark Y/Spiral Counter (Max = 5) 


RR trunnion angle {360 degrees — COU trunnion angle) 


RR shaft angle 


XXXX.X ft/s 
XXXX.X ft/s 
XXXX_X ftfs 


XXXX.X ft/s 
XXXX.X ft/s 
XXXRKR. ft 


XX b XX min/s 
XX b XX min/s 
XXXXX nami 


XXXX.X ft/s 
XX b XX min/s 
XXXX.X ft/s 


XXKXX. ft 
XXXX.X ft/s 
XXXXX., ft 


XX b XX seconds/deg 
XXXX.X frls 
XXKXX. ft 


OOXXX.h 
O00OXX. min 
OXxX.XXs 


XXXXX. ft 
0000 1/00002 


XXXXX. ft/s 
XXXXX., ft/s 
XXXXX. fils 


XX&KX.X nmi 
XX b XX min/s 
XXXX.X ft/s 


XXXXX., ft 
XXXXX. ft 
XXXXX. ft 


x <N 


Octai 
Octal 
Octal 


Octal 
Octal 
Octal 


XXX.XX deg 
xXX.XX deg 


Desired RR trunnion angle (360 degrees — CDU trunnion angle) XXX.XX deg 


Desired RR shaft angle 
Time from ignition 

Y aw after vehicte rise 
Pitch after vehicle rise 


Delta altitude (COH) 


Delta time (COH-CSI or TPI-COH) (Modular 60} 
Delta time (TPI-COH or TPi-NOMTPI) {Modular 60) 


xX X.XX deg 


XX b XX min/s 
XXX.XX deg 
XXX.XX deg 


XxXXxX.X nmi 
XX b XX min/s 
XX b XX min/s 


“Display cannot be changed via a data load (that is, V25 NX XE, and so forth) 
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83 


84 


85 


86 


87 


88 


90 


91 


LM-12 


LIST OF NOUNS USED IN PROGRAM LUNN ARY 


Desired downrange velocity 
Desered radial velocity 
Crossrange distance 


Time to engine cutoff 
Velocity normal 10 CSM pfane (LM) (+Rt) 
Absolute value of velocity 


RR range 
RR range rate 
Time from ignition 


Curser angle 
Sprral angie 
Posit:on code 


Data indicator 
Omega 


Delta VX (LV) (+ Fwd) 
Delta VY (LV? GRt) 
Delta V2 {LV) (45n) 


Delta VX (LV) (+ Fwd) 
Delta VY (LV) (+Rt) 
Deita VZ (LV) (+Da} 


Delta VX (body) (+ Up) 
Delta VY (body) (+Rt) 
Delta VZ (body) (+fwd) 


Delta VX (LV of other vehicle) (+R x V) xR) 
Delta VY (LV of other vehicle) (4 (V x R) 
Deita V2 (LV of other vehicle) (+ (-R) 


VG X (body) {+ Up) 
VGY (body) {+ Rt) 
VGZ (body) (+ Fwd) 


VG X (LV) (+ Fwd) 
VGY (LV) (+ Rt) 
VGZ(LV) (+ Dao) 


Backup optics LOS 


Azimuth (+ Rt) 
Elevation (+ Up) 


Components of celestial body unit vector 


Landmark latitude {+ North) 
Landmark tongitude/2 (+ East) 
Landmark altitude 


Rendezvous out of pitane parameters 


4 
Y dot 
PS} 


Altitude 
Velocity 
Flight path angle 


N<x 


XXXX.X ft/s 
XXXX.X ft/s 
XKXXX.X nmi 


XX b XX min/s 


XXXX.X ft/s 
XXXX_X ft/s 


XXX.XX nmi 
XXXXX. ft/s 


XX b XX min/s 


XXX.XX deg 
XXX.XX deg 
+0000 X 


XXXXX. 
XXX XX deg 


XXXX.X ft/s 
XXXX.X ft/s 
XXXX.X ft/s 


XXXX.X ft/s 
XXXX.X ft/s 
XXXX.X ft/s 


XXXX.X ft/s 
XXXX.X ft/s 
XXXX.X ft/s 


XXXX.X ft/s 
XXXX.X ft/s 
XXXX.X ft/s 


XXXX.X ft/s 
XXXX.X ft/s 
XXXX.X ft/s 


XXXX.X ft/s 
XXXX.X ft/s 
XXXX.X ft/s 


XXX.XX deg 
XXX.XX deg 


-XXXXKX 
XXXXKX 
-XXXKX 


XX.XXX deg 
XX.XXX deg 
XXX.XX nami 


XXX.XX ami 
XXXX.X ft/s 
XXX.XX deg 


XXX XXb. ami 
XXXXX. Ft/s 
XXX.XX deg 


*Display cannot be changed via a data load (that is, V25 NXXE, and $0 forth} 
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LM-13 


LIST OF NOUNS USED IN PROGRAM LUMINARY 


Perceni of full thrust (10,500 Ib) 
Altitude rate 
Computed altitude 


Deita gyro angles 


VGX {LM) (+Up) 
Aititude Rate 
Computed Aititude 


Spare 
Spare 


System test inputs 


System test results and input 


RMS in position 
RMS in velocity 
RMS tn bias 


OOX XX % 
XXXX.X ft/s 
XXXXX. ft 


X XX.XXX deg 
Y XX.XXX deg 
2 XX.XXX deg 


XXXX.X ft/s 
XXXX.X ft/s 
XXXXX.ft 


XXXKXKX. 
XXXXX. 
XXXXKX. 


XXKXX. 
XKXKXKX 
XKXKKX. 


XXXXX. ft 
XXXX.X ft/s 
XXXXX. milliradians 


a 


CODE 


001 11 
00112 


00113 
00114 
00115 
00206 


00207 
00210 


00211 
00212 


002t3 
00214 
00217 
00220 
00401 


00402 


00404 
00405 
00421 
00501 
00502 
00503 
00510 
00511 
00514 
00515 
00520 
00522 
00523 


00525 
00526 
00527 


00530 


00600 
00601 


00602 


00603 
00604 
00605 


00606 
00611 
00701 
00777 
01102 
01105 
01106 
01107 


LM-14 


LIST OF ALARM CODES USED WITH VERB OS 
NOUN 03 FOR PROGRAM LUMINARY 


PURPOSE 


Mark missing 
Mark or mark reject not being accepted 
for ROD input and Average G off 


No inbits 

Mark made but not desired 

No marks in last pair to reject 

Zero Encode not allowed with Coarse Align 
plus Gimbal Lock 

iSS turn-on request not present for 90 seconds 
IMU not operating 


Coarse Ajign error 
PIPA fail but PIPA is not being used 


IMU not operating with turn-on request 
Program using }MU when turned off 

Bad return from IMUSTALL 

Bad REFSMMAT 

Desired gimbal angles yields Gimbal Lock 


FIN OCOUW routine not controlling attitude 
because of inadequate pointing vectors 
Two stars not available in any detent 
Two stars not available 

W-matrix overflow 

Radar antenna out of limits 

Bad radar gimbal angle input 

Radar antenna designate fait 

Radar auto discrete not present 

LR not in Position 2 or repositioning 
RR goes out of Auto mode while in use 
RR CDU Fail discrete present 
RADARUPT not expected at this time 
LR position change 

L.R antenna did not achieve Position 2 


Delta Theta greater than 3 degrees 

Range greater than 400 nmi 

LOS not in Mode 2 coverage in P22 

Or vehicle maneuver required in P20 

LOS not in Mode 2 coverage while on lunar 

sutface after 600 seconds 

Imaginary roots on first iteration 

Perigee altitude after CS! < 85 nmi earth orbit, 
< 35,000 feet moon orbit 

Perigee altitude after CDH < 85 nmi earth orbit, 
<35,000 feet moon orbit 

CSI to CDH time less than 10 minutes 

COH to TP) time less than 70 minutes 
Number of iterations exceeds P32/P72 loop 
maximum { >15) 

DV exceeds maximum 

No TIG for given E angle 

Hlegal option code selected 

PIPA Fail caused ISS warning 

LGC self-test error 

DOWNLINK too fast 

UPLINK too fast 

Phase table failure. Assume erasable 
memory is suspect. 


o ~be and 
M 


SET BY 


R53 
RS? 


R57 

R57 

R57 

IMU mode switching 

V40 N20 

T4RUPT 

IMU mode switching, 

RO2 

‘MU mode switching, P51, 
P57, R50 

IMU mode switching, 
T4RUPT 

T4RUPT 

T4RUPT 

P51, P57, R50 

RO2, R47 

In-flight alignment, IMU-2, 
FINDCOUW 

FINDOCOUW 


R59 

R51 

INTEGRV 

R23 

V41N72 

R21, non-* in V41 N72 
R25, V40 N72 


R25 


P32, P72 
P32,P72 


P32, P72 


P32, P33, P72, P73 
P32, P72 
P32,P72 


P32,P72 

P33, P34, P73, P74 
P57 

T4RUPT 
SELFCHECK 
T4RUPT 

T4RUPT 
RESTART 


wwe ame 


CODE 


01301 
01406 
01407 


01410 
01412 
01466 
01520 
01600 
01601 
01703 
01706 


02001 
02002 
02003 
02094 
03777 
04777 
07777 
10777 
13777 
14777 
20105 
20430 
20607 


21103 
21204 


21302 
21406 
21501 


31104 
31204 
SiZ02 
31203 
31206 


31207 
31210 
SUZ 14 
31502 
32000 


NOTE: 


LM-4t5 


LIST OF ALARM CODES USEM WITH VERB 05 


NOUN 09 FOR PROGRAM LUMINARY 
PURPOSE 


ARCSIN-ARCCOS input angle too large 

Bad return from ROOTSPRS during descent guidance 
VG increasing (Delta V accumulated at 

90 degrees from desired thrust vector) 
Unintentronal overfiow in guidance 

Descent ignition algorithm not converging 
Throttle servicing insufficient 

V37 request not permitted at this time 
Overflow in drift test 

Bad IMU torque 

Too close to ignition; slip time of ignition 
Incorrect program selected for vehicle 
configuration 

Jet failures have disabled Y-Z translation 

Jet fatlures have disabled X translation 

Jet failures have disabled P rotations 

Jet failures have disabled U-V rotations 

ICDU fail caused the ISS warning 

ICDU, PIPA fails caused the ISS warning 

IMU fail caused the ISS warning 

MU, PIPA fails caused the ISS warning 

IMU, ICDU fatis caused the {SS warning 

IMU, J}CDU, PIPA fails caused the ISS warning 
AQOT mark system :n use 

Acceleration overflow in integratron 

No solution from TIME-THETA or TIME-RADIUS 


Unused CCS branch executed 

WAITLIST, VARDELAY, FIXDELAY, 
DELAYJOB, or LONGCALL called with zero 
or negative delta time 

SORT called with negative argument 

Bad return from ROOTSPS during descent preignition 
Keyboard and Display alarm during internal 
use (NVSUB) 

Delay routine busy 

Executive overflow—no VAC areas 

Executive overflow—no core sets 

WAITLIST overflow—too many tasks 

Second job attempts to go to sleep via 
Keyboard and Display program 

No VAC area for marks 

Two programs using device at same time 
Illegal interrupt of extended verb 

Two prrority displays waiting 

DAP still in progress at next TSRUPT 


For VO5 NOY disptays: 

R1—-OXXXX (firstalarm to occur after last RSET) 
R2-OXXXX (second alarm to occur after last RSET) 
R3—XXXXX (atarm which occured last) 


R3 will be of the form 4XXXX if more than three alarms 


occurred since the last RSET or FRESH START. 


SET BY 


INTERPRETER 
P63, P64 
P40, P42 


P63, P64, P66 
P63 

P66 

ROO 

Ground Test 
Ground Test 
R41 

P40, P42 


Orbital integration 
TIMETHET, 
TIMERAD 
ABORT 
WAITLIST 


INTERPRETER 
Ignition algorithm 
PINBALL 


EXECUTIVE 
EXECUTIVE 
EXECUTIVE 
WAITLIST 
PINBALL 


R53 


IMU mode switching 


R53 
GOPLAY 
DAP 


3X XXX indicates an Abort code that results in a software RESTART 
2XXXX indicates a more serious Abort code that results in the program 


going to ROO 


*This alarm displayed without having to key in VO5 NOQGE. 


An astronaut response is required by this alarm. 


SS = 
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ST 
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LIST OF CHECKLIST REFERENCE CODES USED WITH 
VERB 50 NOUN 25 PROGRAM LUMINARY 


R1 CODE ACTION TO BE EFFECTED PROGRAM 
00013 Key in normal or gyro torque coarse align P52 
00014— Proceed: Do fine alignment option R51. Pos, P57 
Enter: Do landing site determination (N89) P57 Option 2 
00015 Perform celestial body acquisition R51, P51 
00016 Key in proceed. Do IMU align R53, R51, P51 
with nonrejected data. 
00062 Switch LGC power down PO6 
00201 Switch RR mode to automatic P20, P22, RO4 
00203 Switch guidance control to PGNS, mode to Auto, P12,P42, P71, P40, 
thrust control to Auto P63, P70 
00205 Perform manual acquisition of CSM with RR R23 
00500 Switch LR antenna to Position 1 P63 
NOTES: Switch: denotes charge position of a console switch 
Perform: denotes start or end of a task 
Key In: denotes key-in of data through the DSKY 
LIST OF OPTION CODES DISPLAYED IN R11N 
CONJUNCTION WITH VERB 04 NOUN 06 TO REQUEST THE 
ASTRONAUT TO LOAD INTO R2 THE OPTION HE DESIRES 
FOR PROGRAM iUMINARY 
CODE PURPOSE INPUT FOR R2 PROGRAM 
00001 Specify IMU Orientation 1 = preferred, 2 = nominal P52, P57 
3 = REFSMMAT, 4 = landing site 
00002 Specify vehicle 1 = this, 2 = other P21, R30 
00003 Specify tracking attitude 1 = preferred, 2 = other R63 
00004 Specify radar 1=RR,2=LR R04 
00006 Specify RR coarse align 1 = lockon, 2 = continuous V4IN72 
option designate 
00010 Specify alignment mode O = anytime, 1 = REFSMMAT +g P57 
2 = two bodes, 3 = one body +g 
00012 Specify CSM orbit 1 = no orbit change, P22 
option 2 = change orbit to pass over LM 


nN 
a oa 
2 
Lage " 
—_— errr ee 


5 
= sae pod 


ee ee ee = 


a 9 rs rr ee, Oe 


ABTTFLG 
ACCSOKAY 
ACC4-2FL 
ACC4OR 2X 
ACMODFLG 
ALTSCALE * 
ANTENBIT 
AORBSYST 
AORBTFLG 
AORBTRAN 
APSESW 
APSFLAG 
APSFLBIT 
ASTNBIT 
ASTNFLAG 
ATTFLAG 
ATTFLBIT 
AUTOMBIT 
AUTRIFLG* 
AUTR2FLG’ 
AUXFLBIT 
AVEGFBIT 
AVEGFLAG 
AVEMIDSW 
AVFLAG 
CALCMAN2 
CALCMAN3 
CDOESBIT 
CDESFLAG 
CMOONFLG 
COGAFLAG 
CONTRLBT 
CSMDOCKD 
CULTFLAG 
OAPBOOLS 
DBSELECT 
DOBSELECT2 
DESIGBIT 
DESiIGFLG 
DiIOFLBIT 
DiMOFLAG 
DMENF BIT 
DMENFLG 
ORFTBIT 
ORIFTBIT 
DRIFTOFL 
DRIFTFLG 
OSK Y F BIT 
D6OR9FLG 
ENGONBIT 


EORADFLAG 


ETPIFLAG 
FINALFLG 
FLAP 
FLPC 

FLPI 
FLRCS 
FLRCSBIT 
FLT59B1T 
FLTS59FLG 
FLUNDBIT 
FLUNDISP 
FLVR 
FREEFBIT 
FREEFLAG 
FSPASFLG 
GLOKFAIL 


*These switches are never calied by name. 


FW9 
FWi3 
FW13 
FW13 
FW2 
FW12 
FW12 
FW5 
FW13 
FW13 
FW8 
FW10 
FW10 
FW? 
FW7 
FW6 
FW6 
FW12 
FW13 
FW13 
FW6 
FW? 
FW? 
FW9 
FW2 
FW2 
FW2 
FW12 
FWi2 
FWB 
FW3 
FW10 
FW13 
FW3 
FWi3 
FW13 
FW13 
FW12 
FW12 
FW1 
FW3 
FW5 
FWS 
FW2 
FW13 
FW13 
FW2 
FWS5S 
FW3 
FWS5 
FW1 
FW2 
FW2 
FW9 
FW9 
FW9 
FW9 
FW9 
FW9 
FW9 
FWB 
FWB 
FW9 
Fwd 
FWO 
FWwoO 
FW3 


Bi2 
Bll 
B10 
B10 
B4 
B4 
B10 
Bto 
B14 
B3 
B3 
B10 
B14 


FLAGWORD BIT ASSIGNMENTS {ALPHABETICAL} 
FOR LUMINARY 


GMBORBIT 
GMBDRVSW 
GUESSW 
HFAILFLG 
HFLSHBIT 
HF LSHFLG 
IODLEFBIT 
IOLEFLAG 
IGNFLAG 
IGNFLBIT 
IMPULBIT 
Ivip UL SW 
IMUSE 
IMUSE BIT 
INFINFLG 
INITABIT 
INITALGN 
INTFLBIT 
INTYPFLG 
ITSWICH 
JSWITCH 
LETABBIT 
LETABORT 
LMOONFLG 
LOK ONBiT 
LOKONSW 
LOSCMBIT 
LOSCMFLG 
LRALTBIT 
LRBYBIT 
LRBY PASS 
LRINH 
LRINHBIT 
LRPOSBIT 
LRVELFLG* 
LUNAFLAG 
MANU FLAG* 
MGLVFLAG 
MIDAVELG 
MIDFLAG 
MIDIFLAG 
MKOV BIT 
MOONFLAG 
MRKIOFLG* 
MRKNVBIT 
MRKNVFELG 
MRUPTFLG* 
MUNFLAG 
MUNFLBIT 
MWAITFLG* 
NEEDOLBIT 
NEEDLFLG 
NEED2B1T 
NEED2FLG 
NEWIFLG 
NJETSFLG 
NODOBIT 
NOOOFLAG 
NOLRRBIT 
NOLRREAD 
NOPO/7BIT 
NORMSW 


FWG 
FW6 
FW 
FW11 
FW! 


_FWt} 


FW? 
FW? 
FW? 
FW? 
FW2 
FAV? 
FYVO 
FWO 
FWS 
FW8 
FW8 
FW190 
FW3 
FW? 
FWO 
FYve 
Fv¥v9 
FIVE 
FyV¥O 
FY20 
FYV2 
FW2 
FWi2 
FW11 
FW11 
FW1t 
FW11 
FW12 
FW12 
FW3 
FW? 
FW5 
FW9 
FWO 
FW9 
FW4 
FWO 
FW4 
FW4 
FW4 
FW4 
FW6 
FW6 
FW4 
FWO 
FWO 
FWO 
FWO 
FW8 
FW1 
FW2 
FW2 
FW11 
FWil 
FW3 
FW7 


| 


NORRMBET 
NORRMON 
NOTERBT 
NOTERFLG 
NOTHRBitT 
NOTHROTL 
NOUPFBIT 
NOUPFLAG 
NPGNCSBT 


NRMNVFLAG 


NRMIOFLG° 
NRUPTELG" 
NR29QFBIT 
NTARGFLG 
NWAITFLG* 
ORBWFLAG 
ORDERSW 
OURRCBIT 
POSPF BIT 
POSPFLAG 
PFRATBIT 
PFRATFLG 
PINBRFLG 
POOKFLAG 
PRECIFLG 
PRIODBIT 
PRONVFLG 
PSTHIBIT 
PULSEFLG 
PULSES 
P21FLAG 
P21FLBIT 
P25FLAG 
P25FLBIT 
PEGPROBT 
PEGPROFLG 
P7071FLG 
QUITFLAG 
RADMODES 
RCDUFBIT 
RCDUOBIT 
REOFLAG 
REDFLBIT 
REFSMBIT 
REFSMFLG 
REINTBIT 
REINTFLG 
REMODBIT 
RENOWBIT 
RENDWFLG 
REPOSBIT 
RHCSCALE 
RNOVZBIT 
RNOVZFLG 
RNGEDBIT 
RNGSCBIT 
RNGSCFLG 
ROOFLAG 
ROOFLBIT 
ROTFLAG 
RPQFLAG 
RRDATABIT 
RRNBSW 
RRRSBIT 
RVSW 
RO4FLAG 


FW5S 
FW5 
FW! 
FW1 
FW5 
FW5 
FW 
FW1 
FW13 


FW4 
FW4 
FW4 
FW3 
FW6 
FW4 
FW3 
FWS8 
FW13 
FW5 
FWS 
FW2 
FW2 
rW4 
FW3 
FW3 
FW4 
FW4 
FWtl 
FW13 
FW13 
FWO 
FWO 
FWO 
FWO 
FWO 
FWO 
FW9 
FW9 
FW12 
FW12 
FW12 
FW6 
FW6 
FW3 
FW3 
FW10 
FW10 
FWi12 
FWS 
FW5 
FW12 
FWt3 
FWO 
FWO 
FW11 
FW5S 
FW5 
FW1 
FW 
FW9 
FWB 
FW12 
FWO 
FW12 
FW? 
FW3 


B4 
B4 
B11 


“These switches are never called by name. 


LM.1B 


FLAGWORD BIT ASSIGNMENTS (ALPHABETICAL) 
FOR LUMINARY 


RO4FLBIT 
RiOFLG 
RiOFLBIT 
RI2RDBIT 
R6EiIFLAG 
R61FLBIT 
R77FLAG 
R77FLBIT 
SLOPESW 
SNUFFBIT 
SNUFFER 
SOLNSW 
SRCHOBIT 
SRCHOPTN 
STATEBIT 
STAYTEFLG 
STEERBIT 
STEERSW 
SURFFBIT 
SURFFLAG 
SWANDBIT 
SWANDISP 
$32.1F 1 
$32.1F2 
S32.1F 3A 
S3Z.1FSB 
TFFSW 
TRACKBIT 
TRACKFLG 
TURNONBT 
ULLAGER 
ULLAGFLG 
UPDATBIT 
UPDATFLG 
UPLOCBIT 
USEQRJTS 
VEHUPFLG 
VELDABIT 
VERIFBIT 
VFAILFLG 
VFLAG 
VFLSHBIT 
VFLSHFLG 
VINTFLAG 
VXINH 
VXINHBIT 
V37FLAG 
V37FLBIT 
V67FLAG 
VB2ZEMFLG 
XDELVFLG 
XDSPBIT 
XDSPFLAG 
XORFLBIT 
XORFLG 
XOVINFLG 
XOVINHIB 
ZOOMBIT 
ZOOMFLAG 
3AXISBIT 
3AXISFLG 
360SW 


a= ee ee ee 7 eS 


FW3 
FWO 
FWO 
FW11 
FW1 
FW1 
FW5 
FW5 
FW1 
FW5 
FW5 
FW5 
FW2 
FW2 
FW3 
FW3 
FW2 
FW2 
FWS 
FWB 
FW? 
FW? 
FW6 
FW6 
FW6 
FW6 
FW? 
FW 
FW 
FW12 
FW13 
FW13 
FW 
FW1 
FW? 
FW13 
FW1 
FW11 
FW? 
FW11 
FW3 
FWt1 
FW11 
FW3 
FW11 
FW11 
FW? 
FW? 
FW? 
FW? 
FW2 
FW4 
FW4 
FW11 
FW11 
FW13 
FW13 
FWS5 
FWS5S 
FWS 
FWS5 
FWB 
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FLAGWORD BIT ASSIGNMENTS FOR LUMINARY 
{FLAGWORD O, LOCATION 0074.) 


Bit Name 1 0 
1 P6E6PROFL Continue P66 horizontal velocity Stop P66 horizontal! velocity 
P6E6PROBT nulling. nulling. 
2 R10FL AG R10 outputs data to altitude and Besides outputs to altitude and 
R1IOFLBET alzttude rate meters only. altitude rates. when set, R10 also 
outputs data to forward and 
lateral velocity crosspointer 
3 FREEFBIT Used by P51-53 in many different routines and by lunar 
FREEFLAG and solar ephemerides. 
4 NEEDLBIT Total attitude error displayed. A/P foilowing error displayed. 
NEEDLFLG 
f 
5 LOKONBIT Radar tock-on desired. Radar tock-on not desired. | 
LOKONSW 
6 RRNBSW Radar target in N8 coordinates. Radar target in SM coordinates. 
7 RNDVZBIT P20 running (radar in uset. P20 not running. 
RNOVZFLG 
8 IMUSE IMU in use. IMU not in use. 
IMUSEBIT 
, P25FLAG P25 operating. P25 not operating 
P25Ft BIT | 
10 FSPASFLG First pass through reposition Not first pass through reposition 4 
routine. routine. 
11 P21FLAG Succeeding pass through P21; use First pass through P21; calculate 
P21FLBIT base vectors already calculated. base vectors. 
12 MOONFLAG Moon is sphere of influence. Earth is sphere of influence. 
13 MIDFLAG Integration with secondary body and Integration without solar 
solar perturbations. perturbations. 
14 JSWITCH Integration of W matrix. integration of state vector. 
15 NEED2B:iT Display DAP rateson FDA] Check Bit 4 of this FLAGWORD 
NEED2FLG needies. for display modes {1 or 2). 


LM-20 


FLAGWORD BiT ASSIGNMENTS FOR LUMINARY 
i (FLAGWORD 1, LOCATION 00753} 
Bit Name 3] 0 


1 Not Assigned 


2 GUESSW No starting vatue for iteration. Starting value for iteration exists. 
a SLOPESW iterate with bias method in lterate weth Regula Falsi method 
iterator. im iterator. 


4 Not Assigned 


5 TRACKBIT Tracking eliowed. Tracking not allowed. 
TRACKFLG 
if 6 NOUPFBIT Neither CSM nor LM state vector may Either state vector may be 
NOUPFLAG be updated. updated. 
: 7 UPDATBIT Updating by marks allowed. Updating by marks not allowed. 
é UPDATFLG 
: 8 VERUPFLG CSM state vector being updated. iM state vector be:ng updated. 


9 Not Assigned 


10 R61FLAG Run R61 LM. Run R65 LM. 
R61FLBIT 
11 NOTERBT iM Terrain Model inhibited. LR Terrain Model permitted. 
NOTERFL 
12 RODFLAG lf in P66, normal operation continues. lf in P66, reinitialization ts ' 
H RODOFLBIT Restart clears flag. performed. 
£ 13. ERADFLAG Compute REARTH Fischer eitipsoid. Use constant REARTH pad 
| radius. : : 
14 DIDFLBIT Inertial data is available. Perform data display initialization Ge a les 
i i functions. 
15 NJETSFLG Two-jet RCS burn. Four-jet RCS burn. | 


x Hemet 
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FLAGWORD BIT ASSIGNME NTS FOR LUMINARY 


LM-24 


{FLAGWORD 2. LOCATION 0076,) 


Bit 


13 


14 


15 


+o% 


Name 
NODOBIT 
NODOFLAG 
CALCMAN2 
CALCMANS3 


PFRATBIT 
PFRATFLG 


AVFLAG 
FINALFLG 


ETPFFLAG 


XDELVFLG 


IMPULBIT 
IMPULSW 


Not Assigned 


STEERBIT 
STEERSW 


LOSCMBIT 
LOSCMFLG 


ACMODFLG 
SRCHOBIT 
SRCHOPTN 


DRFTBIT 
ORIFTFLG 


V37 not permitted. 


Perform maneuver starting procedure. 


No fina! rod. 


Preferred attitude computed 


LM is active vehicle. 


Last pass through rendezvous 
program computations. 


Elevation angie supplied for 
P34, P74. 


External Deita V VG computation. 


Minimum imputse burn {cutoff 
time specified). 


Sufficient thrust is present. 


Line of sight being computed (R21). 
in R29, RR gyro command loop 
running. 


Manual acquisition by Rendezvous 
Radar. 


Radar in automat search option 
(R24). 


T3RUPT calls gyro compensation. 


V3? permitted. 


Bypass starting procedure. 
Final roll is necessary. 


Preferred attitude not computed. 


CSM is active vehicle. 


Interim pass through rendezvous 
program computations. 


TPi time supplied for P34. P74 to 
compute elevation. 


Lambert (aimpoint) VG computation 


Steering burn (no cutoff time yet 
availiable). 


insufficient thrust is present. 


Line of sight not being computed (R21). 
In R29, RR gyro command loop off. 


Auto acquisition by Rendezvous 
Radar. 


Radar not in automatic search 
option. 


T3RUPT does no gyro compensation. 


(FLAGWORD 3. LOCATION 0077 


Bit 


10 


11 


12 
13 


14 
1§ 


FLAGWORD BtT ASSIGNMENTS FOR LUMINARY 


Name 


DIMOFLAG 
D6QRSFLG 


VINTFLAG 
INTYPFLG 


STATEBIT 
STATEFLG 


ORBWFLAG 


CULT FLAG 
PRECIFLG 


RO4FLAG 
RO4FLBIT 


VFLAG 


NOPO7BIT 


LUNAFLAG 


REFSMBIT 
REFSMFLG 


GLOKFAIL 
POOHFLAG 


LM-22 


g) 


W matrix is to be used. 


Dimension of W is 9 for 
integration. 


CSM state vector betng integrated. 


Conic integration 


Permanent state vector being 
updated. 


W matrix vatid for orbital 
Navigation. 


Star occuited. 


Normal integration in POO. 


Alarm 521 suppressed. 
Less than two stars in the field 
of view. 


System tests not allowed. 


Luna latitude-long tude. 


REFSMMAT good (protected 
from FRESH START). 


GtM8 AL LOCK has occurred. 


inhibit backwards integratson.« 


0 


W matrix is not to be used. 


Dimension of Wis 6 for 
integration. 


LM state vector being integrated. 
Encke tntegation. 


Permanent state vector not be:ng 
up dated 


W matrix invalid for orbital 
Navigatton. 


Star not occuited. 


Engages four-time step (P@Q) 
logic in integration. 


Alarm 521 allowed. 


Two stars ia the field of view. 


System tests allowed. 


Earth latitude-longitude. 


REFSMMAT no good (protected 
from FRESH START). 


Not in GIMBAL LOCK. 


Allow backwerds integration. 


Se ee eee 
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(FLAGWORD 4, LOCATION 0100 
Bit 


t0 


11 


12 
13 
14 
15 


LM-23 


FLAGWDORD BIT ASSIGNMENTS FOR LUMINARY 


Name 


XDSPBIT 
XDSPFLAG 


Not Assigned 
MKDVBIT 
NRUPTFLG* 


MRUPTFLG* 


PINBRFLG 


PRONVFLG 


NRMNVFLG 


MRKNVBIT 


MRKNVFLG 


NWAITFLG* 


MWAITFLG* 


Not assigned 
NRMIDFLG* 
PRIDOBIT 

MRKIDFLG* 


gi 


Mark dispiay not to be interrupted. 


Mark display over normal. 


Norma! display interrupted by 
priority or mark display. 


Mark display interrupted by 
priority display. 


Astronaut has interferred with 
existing display, 


Astronaut using keyboard when 
priority display initiated. 


Astronaut using keyboard when 
normal display initiated. 


Astronaut using keyboard when 
mark display initiated. 


Higher priority display operating 
when normal display initiated. 


Higher priority display operating 
when mark display initiated. 


Normal display in ENDSDLE. 
Priority display in ENDIDOLE. 


Mark display in ENDIDLE. 


*These switches are never called by name. 


No speciat mark information. 


No mark dispiay Over normal. 


Normal dispiay not interrupted by 
prrority or mark display. 


Mark display not interrupted by 
priority display. 


Astronaut has not interferred with 
extsting display 


Astronaut not using keyboard when 
priority display initiated. 


Astronaut not using keyboard when 
normal display initiated. 


Astronaut not using keyboard when 
mark display initiated. 


No higher priority display operating 
when normal display initiated. 


No higher priority display operating 
when mark display initiated. 


No norma! display in ENDIDLE. 
No priority disptay in ENDIOLE. 
No mark display in ENDI DLE. 
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FLAGWORD BIT ASSIGNMENTS FOR LUMINARY 


Name 


RENOWBIT 
RENOWFLG 


MGLVFLAG 
SOLNSW 


NORRMBIT 
NORRMON 


AORBSYST 


SAXISBIT 
3AXISFLG 


ENGONBIT 


ZOOMBIT 
ZOOMFLAG 


DMENFLG 
OMENFSIT 


RNGSCBIT 
RNGSCFLG 


R77FLAG 
R77FLBIT 


NOTHRBIT 
NOTHROTL 


SNUFFER 
SNUFFBIT 


POSFLG 
POSPFBT 


DSKYFBIT 


(FLAGWORD 5, LOCATION 0101,) 


W matrix valid for rendezvous 
Navigation. =F 


Local verticat coordinates computed. 


Lambert does not converge. or 
time-radius nearly circular. 


Bypass RR gimbal monitor. 


Prefer P-axis jet 
pairs 7, 15 and 8, 16. 


Maneuver specified by three axes. 


Engine turned on. 


Throttleup has occurred 
in P63. 


Dimension of W is9 for 
incorporation. 


Scale change has occurred during 
RR reading. 


R77 is on; suppress all radar alarms 
and tracker fails. 


Inhibit full throttle. 


U, V jets disabled during DPS 
burns (V65}. 


R6O does priority disptay 
and Is restart protected. 


Displays sent to OSKY. 


0 


W matrix invatid for rendezvous 
navigateon. 


Middle gimbal angle computed. 


Lambert converges or time-radius 
noncircular, 


Perform RR gimbal monitor. 


Prefer P-axis jet 
pairs 4,12 and 3, 1%. 


Maneuver specified by one axis: 
R60 call VECPOINT. 


Engine turned off. 


Throttleup has not 
occurred in P63. 


Dimension of W is 6 for 
incorporation. 


No scale change has occurred durtng 
RR reading. 


R77 is not on. 


Permit fudl throttie. 


U, V jets enabled during DPS 
burns (V75). 


R69 does normal dispiay 
and is not restari protected. 


No displays to OSKY. 
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FLAGWORD BIT ASSIGNMENTS FOR LUMINARY 


LM-25 


(FLAGWORD 6, LOCATION 0102.) 


Bit 


14 
15 


Name 


ATTFLAG 
ATTFLBIT 


AUXFLBIT 


NTARGFLG 


Not Assigned 
Not Assigned 


REOFLAG 
REOFLBIT 


Not Assigned 


MUNFLAG 
MUNFLBIT 


Not Assigned 


GMBORBIT 
GMBORVSW 


Not Assigned 


$32.1F 38 
S$32.1F3A 


$32.1F2 
$32.1F 1 


LM attitude exists in moon-fixed 
coordinates. 


Providing IOLEFLAG is not set, 
SERVICER will exercise OVMON on 
its next pass. 


Astronaut did overwrite Delta V 
at TP1 or TPM (P34, P35}. 


Landing site redesignation Permitted. 


SERVICER calis MUNRVG. 


TRIMGIMB over. 


0 


——_ 


No LM attitude available in moon- 
fixed coordinates. 


SERVICER wilt skip OVMON on its 
next pass even if the iODLEFLAG 

is not set. It will then set 
AUXFLBIT. 


Astronaut did not overwrite 
Delta V. 


Landing site redesignation not 
permitted. 


SERVICER calls CALCRVG. 


TRIMGIMB not over. 


{Bits 12 and 13 function as an ordered pair (13, 12) indicating the possible 
occurrence of two Newton iterations for $32.1: 
(0, O} — First pass of second Newton iteration, 


(0, 1) — First Newton iteration being done, 


(1,0) — Remainder of second Newton iteration, 
(1, 1) — 50 ft/s stage of second Newton iteration.) 


First pass of Newton iteration. 


Delta V at CSt Time 1 exceeds 
maximum, 


Reiteration of Newton. 


Delta V at CSI Time 1 less than 
maximum. 
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FLAGWORD BIT ASSIGNMENTS FOR LUMINARY 


LM-26 


(FLAGWORD 7, LOCATION 0103_} 


Bit 


oO ff WW NN 


13 


14 


15 


Name 


TEESW 
V82EMFLG 
VERIFBIT 
UPLOCBIT 


AVEGFBIT 
AVEGFLAG 


V37FLAG 
V37FLBIT 


lIOLEFBIT 
IOLEFLAG 


V67FLAG 


RVSW 


NORMSW 


SWANOBIT 
SWANDISP 


ASTNBIT 
ASTNFLAG 


IGNFLAG 
IGNFLBIT 


MANUFLAG® 


ITSWICH 


1 


Calculate TPERIGEE. 


Moon vicinity. 


(Changed when V33E occurs at end of P27}. 


K-K-K fail. 
AVERAGEG ISERVICER} desired. 


AVERAGEG (SE RVICER} running. 


No Delta V monitor. 
Astronaut overwrites W-matrix 
initial values. 


Do not compute final state vector 
in time-theta. 


Unit normal input to Lambert. 


Landing analog displays enabled. 
Astronaut has OKed egnition. 

TIG has arrived. 

Attitude maneuver going on during 


RR search. 


P34; TPI time to be computed, 


*These switches are never called by name. 


0 


Calculate TFF. 


Earth vicinity. 


No K-K-K fant. 


AVERAGEG [SE RVICER) not desired. 
AVERAGEG (SERVICER) off. 
Connect Delta V monitor. 


Astronaut does not overwrste 
W-matrix tnitiat values. 


Compute final state vector in 
time-theta. 


Lambert computes its Own normal. 


Landing analog displays suppressed. 
Astronaut has not OKed ignition. 
TIG has not arrived. 

No attitude maneuver during 


RR search. 


TPI has been computed. 
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FLAGWORD BIT ASSIGNMENTS FOR LUMINARY 


LM-27 


(FLAGWORD 8, LOCATION 0104.) 


Bit 
1 


11 


12 


13 


14 
15 


Name 
360SW 
INITABIT 
INITALGN 
Not Assigned 
COGAFLAG 


APSESW 


ORDE RSW 


INFENFLG 


SURFFBIT 
SURFFLAG 


Not Assigned. 


FLUNOBIT 
FLUNDISP 


LMOONFLG 


CMOONFLG 


NEWIFLG 


Not Ass tgned 


RPQFLAG 


3 


Transfer angle near 360 degrees. 


Initiat pass through P57. 


No conic solut:on, too close to 
rectilinear {COGA overflows}. 


ROESIRED outside of PERICENTER- 


APOCENTER range in time-radius. 


Iterater uses second order 
minimum mode. 


No conic solution (closure 
through infinity required). 


LM on lunar surface {protected 
from FRESH START). 


Current guidance displays 
inhibited. 


Permanent LM state vector in 
junar sphere {protected 
from FRESH START). 


Permanent CSM state vector in 
lunar sphere (protected 
from FRESH START). 


First pass through integration. 


RPQ not computed. 
(RPQ = vector between secondary 
body and primary body.} 


0 


Transfer angle not near 360 
degrees. 


Second pass through P57 


Conic solution exists (COGA 
does not overflow}. 


ROESIRED inside of PERICENTER- 


APOCENTER range in time-cadsus. 


{terator uses first order 
standard mode. 


Conic solution exists. 


LM noton lunar surface (protected 
from FRESH START}. 


Current guidance displays 
permitted. 


Permanent LM state vector in 
earth sphere (protected from 
FRESH START). 

Permanent CSM state vector in 


earth sphere (protected from 
FRESH START). 


Succeeding iteration of integration. 


RPO computed. 
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FLAGWORD BIT ASSIGNMENTS FOR LUMINARY 


(FLAGWORD 9, LOCATION 0105.) 


Bit 


7 


10 


Vf 


12 


13 


14 


15 


Name 
“AVEMIOSW 
MIDAVFLG 


MIO1FLAG 


Ft T59FLG 
FLTS9BtT 


OVIFFLAG 


ROTFFLAG 


ABTTFLAG 


FLAP 


LETABBIT 
LETABORT 


FLACS 
FLRCSBIT 


FLPI 


FLPC 


P7O7IBIT 
P7O071FLG 


FLVR 


Not Assigned 


1 


AVETOMID calling for W-matrix 
integration. Do not overwrite 
RN, VN, PIPTIME. 


Integration entered from one of 
MIDTOAV portais. 


Integrate to }OEC. 
Lunar surface mark pro- 


cedure used during in- 
fight alignment. 


Discontinue integration. 


P70 and P71 will force vehicie 


rotation in the preferred direction. 


J2, K2 parameters used for abort 
targeting. 


APS continued abort after 
OPS staging (ascent guidance). 


Abort programs are enabied. 
RCS injection mode (ascent 
guidance). 


Preignition phase (ascent 
guidance). 


No position contro! (ascent 
guidance). 


©®70 or P71 ts using ascent 
guidance equations. 


Vertical rise {ascent 
guidance). 


) 


No AVETOMI!ID W-matrix integration. 


Allow setup of RN, VN, PIPTIME 


Integration was not entered via 
MIOTOAV. 


integrate to the then-present 
time. 


Normal marking to be 
used during inflight alignment. 
Continue integration. 


P70 and P73} will not force 
veh icte rotation in the preferred 
direction. 


317, K 1 parameters used for abort 
targeting. 

APS abort is not a continuat ton. 
Abort programs are not enabled. 
Main engine mode. 

Regular guidance. 


Position control. 


P12 is using ascent 
guidance equations. 


Nonvertica! rise. 


FLAGWORO BIT ASSIGNMENTS FOR LUMINARY 
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(FLAGWORO 10, RASFLAG, LOCATION 01064) 


Bit 


(FLAGWORO 11, LOCATION 0107 


Bit 


13 


14 


15 


Name 


NPGNCSFL 
NPGNCSBT 


CONTRLFL 
CONTRLBT 


Not Assigned 


REINTBIT 
REINTFLG 


Not Assigned 


APSFLAG 
APSFLBIT 


INTFLBIT 


Not Assigned 


Name 


HFLSHBIT 
HFLSHFLG 


VFLSHBIT 
VFLSHFLG 


RIZRDBIT 


RNGEDBIT 


Not Assigned 
VELDABIT 


LRINH 
LRINHBIT 


XORFLBIT 
XORFLG 


NOLRRBIT 
NOLRREAD 


PSTHIBIT 


VXINH 
V XINHBET 


HFAILFLG 


VFAILFLG 


LRBYBIT 
LRBYPASS 


1 


Last active DAP. 
Pass done with an AGS 
indication, 


DAP controfling 
Vehicle attitude. 


Integration routine to be 
RESTARTED. 


Ascent stage {protected from 
FRESH START). 


Integration in progress. 


g! 


LR altitude fail lamp shoutd be 
fiashing. 


LR velocity faii lamp should be 
flashing. 


Wait until velocity reads done 
before R12 processing. 


ER attitude measurement made. 


LR velocity measurement made. 


LR updates permitted by astronaut. 


Below limit: inhibit X-axis 
override. 


LR repositioning; bypass 
update. 


Posthigate. 
If Z velocity date unreasonable, 


bypass X-axis velocity update on 
next pass. 


LR attitude reasonability test 
faited. 


LR velocity reasonability test 
failed 


Bypass ail LR updates. 


“These switches are never called by name. 


pre PVN ka nl 
teepic ifrree ck 


ah yr ba ae i i" | 
Mee sites | dial On Tass 


Last active DAP. 
Pass done with aPGNCS 
indication. 


OAP not controlling 
Vehicle attitude. 


integration routine not to be 
RESTARTED. 


Descent stage {protected from 
FRESH START}. 


Integration not in progress. 


) 


LR altitude fail lamp should not 
be flashing. 


LR velocity fail lamp should not 
be flashing. 


Allow R12 processing of 
velocity data. 


LR altitude measurement not made. 


LR velocity measurement not made. 


LR updates inhibited by astronaut. 


Above limit; do not inhibit. 


LR not repositioning. 


Prehigate. 


Update X-axis velocity. 


Passed LR altitude reasonability 
test. . 


Passed LR velocity reasanability 
test. 


Do not bypass LR updates. 
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FLAGWORD BIT ASSIGNMENTS FOR 


LM-30 


(FLAGWORD 12, RABMODES, LOCATION 0110,) 


Bit 
1 


10 


11 


12 
13 


14 


18 


Name 


TURNONBT 


— 


AUTOMBIT 


RRRSBIT 


RRDAT ABT 


LRALTBIT 


LRPOSBIT 
RCOUFBITE 
LRVELFLG* 


ALTSCALE”* 


DESIGBIT 
DESiGFLG 


REPOSBIT 


ANTENBIT 


RCOUOBIT 


REMOOBIT 


COESBIT 
CDESFLAG 


4 


RR turn-on sequence in progress 
(zero RR CDU's, fix antenna 
position). 


RR not in Auto mode. Auto mode 
discrete ts not present. 


RR range reading on the high 
scaite 


RR data fail. Data could not be 
read successfuily. 


LR altitude data fail. Data could 
not be read successfully. 


LR in Position 2. 
RR COU fail has not occurred. 
LR velocity data faii. 


LR altitude rea@ing is on 
high scale. 


RR designate requested or in 
progress. 


Reposition monitor, RR reposttion 
is taking place. 


RR antenna ts tn Mode 2. 
RR COU's being zeroed. 


Change tn antenna mode has 
been requested. 


Continuous designate. LGC commands 


RR regardless of lock-on. 


*These switches are never called ty name. 


LUMINARY 


O 
No RR turn-on sequence in 
progress. 
RR in Auto mode. 
RR range reading on the tow 
sc dle. 


No RR data fail. 


No LR altitude data fail. 


LR in Position 1. 
RR COU fail has occurred. 
No LR vetocity data fail. 


LR altrtude reading is on 
low scale. 


RR designate not requested or 
in prog-ess. 


No RR reposition taking place. 


RR antenna is in Mode 1. 
RR COU’s not being zeroed. 


No remode requested or 
occurring. 


LGC checks for lock-on when 
antenna being designated. 


LM-31 | 
FLAGWORD BIT ASSIGNMENTS FOR LUMINARY 


(FLAGWORD 13, DAPBOOLS, LOCATION Ot! 19) 
Bit Name Sand 1 8) 


1 AUTRIFLG* 
2 AUTR2FLG* 


These bits (2, 1) are used together to indicate astronaut-chosen 
KALCMANU maneuver rates: 
(0, 0) = 0.2 deg/second [Bit 2, Bit 1), 


(0, 1) = 0.5 deg/second, 
(1,0) = 2.0 deg/second, 
(1, 1) = 10.0 deg/second. 


3 ACCSOKAY Control authority values from RESTART or FRESH START since 
t/ACCS usable. last 1/ACCS; outputs suspect. 
4 OBSELECT 1-degree deadband selected Minimum deadband selected 
by crew. by crew {0.3 degree}. 
5 O8SLECT2 5-degree deadband selected 1- or 0.3-degree deadband 
by crew (maximum deadband}. selected by crew (See Bit 4). 
6 ULLAGE R Uttage request by mission No internal ullage request. 
ULLAGFLG program. 
7 RHCSCALE Normal RHC scaling requested. Fine RHC scaling requested. 
8 DRIFTBIT Assume zero offset Use offset acceleration estimate. 
DRIFTOFL drifting fitght. 
9 XOVINFLG X-axis override locked out. X-axis override OK. 
XOVINHIB 
10 AORBTFLG B system for X-translation A system for X-transiation 
AORBTRAN preferred. preferred, 
17 ACC4-2FL Four-jet X-axis translation Two-jet X-axis translation 
ACC4OR2X requested. requested. 
12 OURRCBIT Current DAP pass is rate Current DAP pass is not rate 
command. command. 
13 CSMDOCKD CSM docked: use backup DAP. CSM not docked to LM. 
14 USEQRJTS Gimbai unusable; use jets onty. Trim gimbal may be used. 
15 PULSEFLG Minimum impulse command mode Not tn minimum impulse command 
PULSES in ‘attitude hold” (V76). mode (V77). 


*These switches are never calited by name. 
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FLAGWORD BIT ASSIGNMENTS FOR LUMINARY 


IMODES30, a flag whose individual bits are used to control the monitoring of IMU 
functions associated with Channel 30 {and in a few cases Channej 33). LOCATION 1277... 


Bit 
15 
14 


13 


12 


11 


10 


aa Oo nN OO 


8 
Meaning 


Last sampled value of Channei 30, Bit 15 {0 if IMU temperature within limits). 


Last sampled value of Channel 30, Bit 14 (0 if ISS has been turned on of commanded 
to be turned on). 


Last sampled value of Channei 30, Bit 13 {O if an IMU fai} indication has been 
produced). 


Last sampied value of Channel 30, Bit 12 (0 if an IMU CDU fail indication has been 
produced). 


Last sampled value of Channel 30, Bit 11 (O if an IMU cage command has been 
produced by crew}. 


Last sampled value of Channel 33, Bit 10 (O if a PIPA fail indication has been 
produced), having the same value as Bit 13 of IMODES33. 


Last sampied value of Channel 30, Bit 9 (O if [MU has been turned on and operating 
with no malfunctions). 


Bit used to control the IMU turn-on sequencing. 
Bit used to control the [MU turn-on sequencing. 
Bit is set to 1 to indicate that IMU initialization is being carried out. 


Bit ts set to 1 to inhibit the generation of program alarm 0212g if a PIPA fail signal 
(Bit 13 of Channel 33) is produced. 


Bit is set to 1 to inhibit generatton of an ISS warning based on receipt of an IMU fail 
Signal. 


Bit is set to 1 to inhibit generation of an !SS warning based on receipt of an IMU CDU 
fail signal. 


Bit is set to 1 to indicate failure of the turn-on delay sequence for |MU turn-on {alarm 
02078 is aiso generated). 


Bit is set to 1 to inhibit generation of an {SS warning based on rece:pt of a PIPA fail 
signal (Bit 13 of Channe! 33). 


LM-33 


FLAGWORD BIT ASSIGNMENTS FOR LUMINARY 


t~MODES33, a flag whose tndividual bits are used to control the monitoring of functions 
associated with Channel 33 (and other items). LOCATION 1300, 


Bit 
LS 
14 


es 


12 


i. 


10,9 


4-2 


Meaning 
Not assigned. 


Last sampled value of Channel 32, Bit 14 (O if a Proceed command is given using the 
old ‘’standby”’ button). 


Last sampled value of Channel 33, Bit 13 (O if an accelerometer fail signal, or PIPA 
fail, has been produced by hardware). 


Last sampled vatue of Channe} 33, Bit 12 (0 if a tetemetry end pulse has been rejected 
because the downlink rate is too fast). 


Last sampled value of Channel 33, Bit 11 {O if an uplink brt has been rejected because 
the uplink rate is too fast). 


Not assigned. 


Bit is set to 1 when R10 routine is initialized during the powered descent trajectory. 


A switch employed in R10 for alternate computations of altitude rate and altitude. (Not 


used) 


Bit is set to 1 to indicate that |MU use for vehicle attitude information should not be 
attempted. 


Bit is set to 1 in IMU Zeroing routine external to T4RUPT while zeroing is taking 
place (for an interval of about 10.56 seconds). 


Not assigned. 


Bit is set to 1 when a Verb 35 (‘lamp test’’) is received, and reset to O about 5 seconds 
later. 
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CHANNEL BiT ASSIGNMENT (LM) 


INPUT CHANNEL 3 


The thigh order lists of the LGC scaler. The least significant bit ts worth 5.12 seconds. The 


maximum value ts euuivaient to approximatety 29.5 days 


INPUT CHANNEL 4 


The lower order bits of the LGC scaler. The teast significant bit is worth 1 centisecond. The 


Maximum value is equivalent to 5.12 seconds. 


INPUT CHANNELS 3 AND 4 


Channels 3 and 4 are sampled as Time 1 and Time 2 and provide the time tags for the 


downlink lists. 
OUTPUT CHANNEL 5 


LET 
RIT DESIGNATION JET NO. ROTATION EFFECT 
1 B4U 1 +V 
2 A4D 2 V 
3 A3U 5 +U 
4 B3D 6 -U 
5 B2U 9 -V 
6 A2D 10 +V/ 
7 A1U 13 -U 
8 B1D 14 +U 


Bits 9 - 15 not used 
OUTPUT CHAINNEL 6 


JET 
BIT DESIGNATION JSETNO. ROTATION EFFECT 
t B3A 7 +P 
2 B4F 3 a 
3 A1F 15 +P 
4 A2A 11 -P 
5 B2L 12 +P 
6 A3R 8 ?P 
7 A4R 4 TE: 
8 B1L 16 -P 


(RCS JET FIRINGS} 
TRANSLATION EFFECT 


(RCS JET FIERINGS) 
TRANSLATION EFFECT 


+Z 
-2 
-2 
+Z 
+V 
-Y 
-¥ 
a 
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LM RCS JET CONTROL AXES 


LM+xX 
(+P) 


: AlU -13 
aw 
yy Bli~16 
vv. F 
on ae LS 
f BID ~1h 
gf LM4+2 
AZ3U-5 | Roll (+R) 
oe OG) 
-7 oe 
(3) aap Pitch 
-8 830.6 —M+Y 
(+Q) 
(N) QUADS 9, SYSTEM “A. 
9 SYSTEM "8" 
JET DESIGNATION 
A 4 D 
RCS FUEL SYSTEM EXHAUST DIRECTION 
QUAD 
The P, Q & R axis designations are The astronaut can disable jets on 
used with rotations and the X, Y& Z each QUAD only in pairs and according 
designations are used with transla- to RCS fuel systems. 


tions. U & V are used with both. 


i 
b 
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BIT 


oh 
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LM.36 


CHANNEL BIT ASSIGNMENTS (LM) 


OUTPUT CHANNEL 141 


iSS Warning 

Light Computer Activity Lamp 
Light Uplink Activity Lamp 
Light Temperature Caution Lamp 
Light Keyboard Rejease Lamp 
Flash Verb and Noun Lamps 
Light Operator Error Lamp 
Spare 

Test Connector Outbit 

Caution Reset 

Spare 

Engine Ona 

Engine Off 

Spare 


OUTPUT CHANNEL 72 


Zero Rendezvous Radar CDU's 

Enable Rendezvous Radar Error Counters 

Not Used 

Coarse Align Enable 

Zero IMU CDU's 

Enable IMU Error Counters 

Spare 

Display Inertial Data 

+Pitch Vehicle Motion (-Pitch Gimbal Trim, Beif motion) 
-Pitch Vehicle Motion (+Pitch Gimbal Trim, Bell motion) 
+Roll Vehicle Motion (-Rot! Gimbal Trim, Bell motion) 
-Roll Vehicle Motion (+Roll Gimbal Trim, Bell motion) 
Landing Radar Position 2 Command 

Rendezvous Radar Enable Auto Track 

ISS Turn-on Delay Compiete 


BIT 


OONOOAWN— 
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CHANNEL 8IT ASSIGNMENTS (LM) 


OUTPUT CHANNEL 13 


Radar Select c 

Radar Select b 

Radar Select a 

Radar Actiwity 

[Inhibit Uplink, Enable Crossiink (should not be set to 1) 
Biock Inlink 
Downlink Word Order 
RHC Counter Enable 
Start RHC Read 

Test Alarms 

Enable Standby 

Reset Trap 31-4 
Reset Trap 3t-B 
Reset Trap 32 

Enable T6RUPT 


Channel 13 Radar Selections 


@ 


BIT 


OONOOAWN — 
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b C Function 

0 0 ~- 

0 1 Rendezvous Radar range 

1 0 Rendezvous Radar range rate 
1 1 — 

0 0 Landing Radar X velocity 

¢) 1 Landing Radar Y velocity 

1 ¢) Landing Radar 2 velocity 

1 1 Landing Radar range 


OUTPUT CHANNEL 14 


Outlink Activity {should not be set w% 1) 
Altitude Rate Select 
Altitude Meter Activity 
Thrust Orve 

Spare 

Gyro Enable 

Gyro Select b 

Gyro Select a 

Gyro Sign Minus 

Gyro Activity 

Drive CDUS 

Drve COUT 

Drive CDU Z 

Drive CDU Y 

Drive CDU X 


Channel 14-Gyro Selection 


a 


—-~00 


INPUT CHANNEL 15 


Key codes from Main DSKY 
Spare 


ONE ee ee oe 
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CHANNEL BIT ASSIGNMENTS (LM) 


INPUT CHANNEL 16 


BiT 
2 Seare 
5 Mark X 
4 ~ Mark Y 
5 Mark reject 
6 Descent + 
7 Descent - 
8-15 Spare 
INPUT CHANNEL 30 
BIT 
1 Abort with Descent Stage 
2 Descent Stage Attached 
5 Engine Armed 
4 Abort with Ascent Stage 
5 Auto Throttle 
6 Display Inertial Data 
f Rendezvous Radar CDU Fail 
3 Spare 
9 IMU Operate 
10 G/N Control of S/C 
11 IMU Cage 
12 IMU CDU Fall 
13 IMU Fail 
14 ISS Turn-On Request 
15 Temp in Limits 
NOTE: 


All of the input signals in Channel 30 are inverted: that is, a ZERO bit 
indicates that the discrete is ON. 


INPUT CHANNEL 31 


BIT 
1 +EL (LPD), + PMI 
2 -EL (LPD), - PMI 
3 + YMI 
4 -YMI 
5 +AZ ({LPD), +RMI 
6 -AZ (LPD), -RMI 
7 +X Translation 
8 -X Transiation 
9 +Y Translation 

10 -Y Translation 

11 +Z Transtation 

12 -2 Translation 

13 Attitude Hold 

14 Auto Stabilization 

15 Attitude Control Out of Detent 

NOTE: 


All of the input signals in Channel 31 are inverted; that is, a ZERO bit indicates 
that the discrete is ON. 
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CHANNEL BIT ASSIGNMENTS (LM) 


INPUT CHANNEL 32 


BIT oe 
1 Thruster 2 — 4 Disabled by Crew aa 
2 Thruster 5 — 8 Disabled by Crew 
S) Thruster 1 — 3 Disabled by Crew 
4 Thruster 6 — 7 Disabled by Crew 
5 Thruster 14 — 16 Disabled by Crew 
6 Thruster 13 — 15 Disabled by Crew 
7 Thruster 9 — 12 Disabled by Crew 
8 Thruster 10 — 11 Disabted by Crew 
9 Descent Engine Gimbais Disabled by Crew 
10 Apparent Descent Engine Gimbal Fail 
11-13 Spare 
14 Proceed 
15 Spare 
NOTE: 


All of the input signals in Channel 32 are inverted; that is, a ZERO 
bit indicates that the discrete isON. 


INPUT CHANNEL 33 


BIT 
1 Spare 
2 Rendezvous Radar Auto-Power On 
S Rendezvous Radar Range Low Scale 
4 Rendezvous Radar Data Good 
5 Landing Radar Range Data Good 
6 Landing Radar Position 1 
7 Landing Radar Position 2 
8 Landing Radar Velocity Data Good 
9 Landing Radar Range Low Scale 
10 Block Upftink Input* 
11 Uplink Too Fast 
12 Downlink Too Fast 
13 PIPA Fait 
14 LGC Warning {repeated hardware or software alarms) 
15 Oscillator Alarm 


*This bit reads ONE when accept uplink signa? is present at interface. 


NOTE: 
Ail of the input signals in Channe! 33 are inverted: that is. a 
ZERO bit indicates that the discrete isON. Bits 15-741 are 
fiiw-flop bits reset by a channel write command, restart, and 
T4&RUPT Joop. 


INPUF CHANNEL 77 


BIT 


15-10 Spare 

Scaler Double Frequency 

Scaler Fail 

Counter Fail 

Voltage Fail 

Night Watchman 

RUPT Lock 

TC Trap 

E Memory Parity Fail 

E Memory or F Memory Parity Fai! 
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PQO—LGC tDLING PROGRAM 


Purpose: 
~ To maintain the LGC in a condition of readiness for entry into other programs. 
2. To update the CSM and LM state vectors every-four time steps. 


Assumptions: 


1. This program is automatically selected by V96E, which may be done during any 
program. State vector integration is permanently inhibited foilowing V96E. Normal 
integration functions wilt resume after selection of any program or extended verb. 
POO integration witl resume when POO is resetected. Usage of V96 can cause incorrect 
W-matrix and state vector synchronization. 


2. Program changes are inhibited during integration periods and Program Alarm 1520 


will occur if a change is attempted when inhibited. 8 


Sequence of Events: 


V37EO0E 
VO6N38E Optional Dispiay. 
VO6N38 Time of State Vector Being OOXXX. h 
|ntegrated OCOOXX. min 
OXX.XXs 
PO6—LGC POWER DOWN PROGRAM 
Purpose: 


1. To transfer the LGC from the Operate to the Standby program. 
Assumptions: 


1. If the computer power is switched off, the LGC Update program (P27) would have to 
be performed to update the LM and CSM state vectors and computer clock time. 


2. The LGC is capable of maintaining an accurate value of ground elapsed time (GET) 
for only 23 hours when in the Standby mode. if the LGC is not brought out of the 
standby condition to the running condition at least once within 23 hours, the LGC 
value of GET must be updated. 


3. Once the program has been selected, the LGC must be put in standby. When POG 
appears, the LGC will not honor a new program request {(V37EXXE}), a terminate 
(V34E ), or an enter in response to the request for standby. 


Sequence of Events: 


V37EO6E 
Flashing 
V50N25 Checklist Code 006 2 
Power Down LGC C8(11) IMU Operate-Open 
PRO Standby light — on (No DAP light on} : 
PGNS Turn On C8{(11) IMU Operate-Close 


Standby light — on. PRO unti! Standby light off. 
No Att fight — on (90 seconds) 


V37EQOE Program POO Chosen 


P12—POWE RED ASCENT PROGRAM 


Purpose: 


1. To control the PGNS during countdown, ignition, thrusting, and thrust termination 
of PGNS controlled APS powered ascent maneuver from the lunar surface. 
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P12 (continued) 


Assumptions: 


ti, 


The LGC has stored injection values which define an ascent trajectory that will result 
in an orbit coplanar with the CSM orbit and an apolune of 30 nmi. These values at 
Orbit insertion are altitude, distance between the LM and CSM orbital planes, LM 
vertical (V(R)), LM horizontal (V(¥Y)), and LM downrange (V(Z)) vetocities. All 
altitudes are measured with respect to the LGC stored landing site vector. 


The predefined ascent trajectory may be partially modified during this program by 
the astronaut. 


. The PGNS will control the LM ascent maneuver such that the LM injection velocity 


is in the CSM orbital plane or parallel to it at a distance specified by the astronaut 
inserted crossrange. The injection conditions can be modified by changing the 
nomina} downrange and radial velocities displayed. 


Crossrange should not be specified so that the ascent trajectory crosses through the 
CSM orbital plane. 


Engine ignition may be slipped beyond fF}G (AS) if desired by the crew or if the state 
vector integration cannot be completed in time. Variation of the time of ascent 
ignition (FiG(AS))changes the relative phasing of the ascent trajectory with respect to 
the CSM and alters the resultant LM orbit. 


The initial period of the ascent trajectory consists of two phases: 


a. Vertical Rise Phase. From TiG until the LM radial velocity (V(R)) exceeds 40 
ft/s. During this phase, the PGNS holds the LM attitude with the +X axis parailet 
to the LM position vector at TIG. At TIG, the PGNS commands the LM around 
its X axis (yaw) untit the LM +Z axis points downrange. 


b, Pitchover Phase. When V(R) exceeds 40 ft/s and the LM X axis is within 5 
degrees of the desired attitude. During this phase, the PGNS commands the LM 
to pitch down (about the Y axis) an amount defined by the quidance equations. 


. Normally, the Lunar Surface Align program (P57) has been compieted and leaves 


the IMU aligned at a Known orientation. 


The inertiai velocity Y axis will be displayed on the lateral velocity cross pointer and 
the forward velocity cross pointer will be zeroed during ascent. 


The X-axis override option provides the crew with the ability to exercise manual 
control about the LM X axis with the attitude controfier even though the PGNS 
Attitude Control mode is Auto. When the controller returns to detent, the DAP 
damps the yaw rate, stores the yaw attitude when the rate is damped, and then 
maintains that attitude. 


This option is inhibited from TIG(AS) untit 10 seconds after ViR) equais 40ft/sand 
the LM yaw attitude is within 5 degrees of the desired pitchover initiation. 


. Either the Load DAP routine (RO3) or the Landing Confirmation program has been 


performed prior to selection of this program. The DAP wil! be energized when the 
PGNS Control mode and the Auto Attitude or Attitude Hold Control mode have 
been selected. If this occurs prior to the PGNS autocheck in this program, the 
attitude errors will be zeroed and the attitude deadband wiil be set to the value 
specified by P68 (5 degrees) or RO3 (astronaut defined), whichever occurred more 
recently. Immediately prior to the PGNS autocheck, this program wii} set the 
attitude deadband to 1 degree. 


lf a thrusting maneuver is performed with the Guidance Contro! switch in PGNS and 
the Mode Control switch in Auto, the PGNS controis the total vehicle attitude and 
generates either Mode 1 or Mode 2 attitude errors for display on the FDAI. The crew 
may exercise control about only the yaw axis with the ACA (X-axis override) 
provided the X-axis override capability is permitted (see Assumption 7). 


lf a thrusting maneuver is performed with the Guidance Control switch in PGNS and 
the Mode Control switch in Attitude Hold, the PGNS holds the vehicle attitude and 
generates either Mode 1 or Mode 2 attitude errors for display on the FDA. The crew 
may exercise manual contro! about all vehicle axes with the ACA using either the 
Rate Command or Minimum Impulse mode. However, it is stronaly recommended 


10. 


11. 


12. 


LM-4.2 
P12 (continued} 


Control of the LM RCS and APS is transferred from the PGNS to the Abort Guidance 
System {AGS} by changing the Guidance Control switch from PGNS to AGS. 


The AGS is capable of taking control of-the LM during any phase of the lunar ascent 
and guiding it to a safe orbit and should be initialized by manual selection of R47, 
the AGS Initialization routine, prior to the selection of P12. 


If the Guidance Control switch is changed from PGNS to AGS during a thrusting 
maneuver, the LGC continues computation of position, velocity, desired thrust vector, 
and desired attitude errors. 


The PGNS generates two types of errors for display on the FOAI as selected by the 
astronaut: 


a. Mode 1 — Selected by Verb 61. Autopilot following errors used as a monitor of 
the DAP’‘s ability to track automatic steering commands. 


b. Mode 2 — Selected by Verb 62. Total attitude errors used to assist the crew in 
manually maneuvering the vehicle. 


This program ts selected by the astronaut at teast 5 minutes prior to ignition. 


Sequence of Events: 


V37E 12E 
Flashing Ascent Time of Ignition OOXxXX h 
VO6EN33 QOOOXX min 
OXX.XXs 
PRO V25E Load New TIG 
Flashing Desired Downrange Velocity XXXX.X ft/s 
VO6N76 Desired Radial Velocity XXXX.X ft/s 
Crossrange XXXX.X nmi 
PRO V23E Load New Crossrange 
Flashing Checklist Code 00203 
V50N25 
PRO Switch Guidance Control — PGNS 


Mode Control — Auto 


VO6N74 Time from Ignition XXbXX min/s 
FDAI Yaw — After Vertical Rise XXX.XX deg 
FDAI Pitch — After Vertical Rise XXX.XX deg 


TEE counts down until TIG -35 seconds, when DSKY blanks for 5 seconds. 
VO6N74 display returns until TIG -5 seconds. 


Flashing Time from Ignition XXbXXK min/s 
VIIN74 FDA! Yaw — After Vertical Rise XXX.XX deg 
FDAI Pitch -— After Vertical Rise XXX.XxX deg 
PRO Astronaut okays ignition. TIG occurs. 
VOEBN94 VGX XXXX.X ft/s 
Altitude Rate XXXX.X ft/s 
Computed Altitude XXXXX. ft 
N76E 
VOEN76 Desired Downrange Velocity XXXX.X ft/s 
Desired Radial Velocity XXXX.X ft/s 
Crossrange Distance XXXX.X nmi 
VI6EN77E 
V16N77 Time to Engine Cutoff XXbXX min/s 
Velocity Normal to CSM Plane XXXX.X ft/s 


Absolute Value of Velocity K¥XXX.X ft/s 
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P12 (continued) 


N85E 
V 16N85 Velocity to be Gained (X Body) XXXX.X ft/s 
Velocity to be Gained (Y Body) XXXX_X ft/s 
Velocity to be Gained (2 Body) XXXX.X ft/s ca 
Display chosen at velocity tobe gained =500 ft/s. VG {XK Body) 
monitored to enable APS fue) to be fed to RCS thrusters by 
astronaut. 
Nuil residual velocities 
KEY REL 
Fiashing VGX XXXX.X ft/s 
V16N94 Altitude Rate XXXX.X ft/s 
Computed Altitude XKXX. ft 
PRO 
Flashing Velocity to be Gained (X Body) XXXX.X fe/s 
V16N85 Velocity to be Gained {Y Body) XXXX.X fe/s 
Velocity to be Gained (2 Body) XXXX_X ft/s 
V82E 
Fiashing Apocenter Aititude XXXX.X nmi 
V16N44 Pericenter Aititude XXXX.X nme 
Time from Phase XXbXX min/s 
KEY REL 
Flashing (Same as above) 
V1iI6N85 
PRO 
Flashing Setect New Program. 
V37 
P20—RENDEZVOUS NAVIGATION PROGRAM 
Purpose: 

t. To controi the LM attitude and the Rendezvous Radar (RR) to acquire and track the 
CSM with the RR while the LM is in flight. 

2. To update either the LM or CSM state vector (as specified by the astronaut by OSKY 
entry) on the basis of RR tracking data or to track the CSM without updating either 
vehicle state vector. 

3. To point the LM optical beacon at the CSM. 

Assumptions: 

1. The CSM is maintaining a preferred tracking attitude that correctly orients the CSM 
radar transponder for RR tracking by the LM. 

2. At the beginning of the program, the state vector update option is automatically set 
to the LM. Fhis option may be changed at any time later by one of the following 
manuai entries. 

a. V80E—Update LM state vector, 

b. V81E—Update CSM state vector, 

c. V95E-No state vector update. 

3. The initialization of the W matrix is enabied by: 

a. A manual OSKY entry (V93E), 

b. Computer Fresh Start (V36E), 

c. State vector update from the ground {P27} (Except for update of Landing Site 
vector when the LM is on the lunar surface). 

d. The powered ascent program (P12) invalidates the W matrix used by P22 and 
causes P2Q to reinitialize the W matrix when seiected 

4. The RR tracking mark counter counts the number of RR marks processed by the 


LGC. This counter is zeroed by: 


a. Manual selection of P20/22 (V37E20/22E), 
b. Completion of the Target Delta V program (P76), 


) 
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c. Selection of anew program from a program which had turned on Average G. 
d. Initialization of the W matrix. 
e. Completion of RR search routine (R24) in P20. 


The crew may manually adjust the LGC-stored values of RR shaft and trunnion bias 
by a direct load of four registers. However, unless the RR has been jarred, the LGC 
bias estimate should be more accurate than that from another source. 


6. The selection and termination of P20, P22, and P25 are subject to special operating 


10. 


procedures different from al) other programs: 


a. Selection 

(1) Always by V37EXXE 

(2) If any other program is running at the time of P20/22/25 selection the new 
program will replace the old. This includes P20/22/25 selection whenever either 
P20, 22, or 25 is running, 

(3) |f P20 or P25 is running, selection of any program other than POO or P22 will 
result in P20 or P25 continuing and the new program aiso operating with its 
number in the OSKY program lights. 

(4) tf P20 or P25 is running, selection of POO or P22 will result in the termination 
of the oid program and operation of the new. 

b. Termination 

(1) By selection of POO, V56E, or by V34E. 

(2)POO selection will terminate P20, 22, and P25 and any other program in 
process, and establish POO. 

(3) VS6E setection will select the Terminate Tracking routine (R56)) which wil! 
terminate only P20 or P25 if either of these programs is running in conjunction 
with another program. in all other cases R56 will seiect ROO. VSGE may be 
performed any time during P20, 22, or 25 operation. 

(4) The LGC will act upon V34E only in response to a flashing verb-noun. If this 
display was originated by P20, 22, or 25, V34E will result in an tdentical LGC 
response to that of V56E; that is, selection of R56. If this display was not 
Originated by P20, 22, or 25 (such as P32, white running with P2Q), the LGC 
will go to ROO; however, the program in the background will continue. The 
new program selected follows the selection rules above. 


The RR Manual Acquisition routine (R23) may be selected only if P20 is not running 
IN CONjuNnction with another program. 


When P20 is selected any time prior to the landing phase in the lunar mission, this 
program must be operated in the no update mode to prevent modifying a precision 
State vector for landing. 


. The RMS position and velocity errors computed from the W matrix are available by 


Extended Verb (V67E). Based upon values in this display and the details of the 
mission, the astronaut can elect to stop or continue the current navigation procedure 
or to reinitialize the W matrix and continue navigating. The capability to reinitialize 
the W matrix is also provided via V67E. 


State vector integration may be permanently inhibited by V9GE. This entry will 
terminate all present programs and select the LGC Idling program (POO) with the POO 
automatic state vector integration permanently inhibited until setection of another 
program. Use of V96 can cause incorrect W-matrix extrapolation since state vector 
synchronization ts not maintained. 


Sequence of Events: 


V37E20E 
V80E or V81E or V9O5E 


State Vector Option 
V80E — LM, V81E — CSM, V95E — None 
RR Mode Switch — in LGC 
Flashing RR Trunnion Angle XXX. xX deg 
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P20 (continued) 


PRO 
If RR locked on and tracking. No Track tight out, OSKY blanks RR taking marks. 
V1I6N78E 


Range XXX.XXKX nmi 
Range Rate XXXXX ft/s 
Time from Ignition XXbXX min/s 
KEY REL 
Flashing Delta R XKXKX.K nmi 
VO6N49 Delta V XXXX.X ft/s 
Data Source Code 0000 X 
X=1-— Range X=2 — Range Rate X =3-— Shaft Angie 
X = 4 — Trunnion Angle 
V32E Reject partiat mark 
V34E Resect total mark 
PRO Update with mark 
Flashing (see above display) 
VO6N49 


To terminate: VS6E or V37EQ0E or V34E during a flashing disptay. To keep P20 
running in the background: V37EXXE. 


lf RR not locked on and pointing angle greater than 15 degrees, 


Flashing Desired Automaneuver to F DAI Ball R XXX.XX deg 
VSON18 Angles P XXX.XX deg 
Y XXX.XX deg 
Automaneuver: Guidance Control — PGNS 
- Mode Control — PGNS Auto 
PRO 
VOEN 18 Desired Automaneuver to FOAI Ball R XXX.XX deg 
Angles P XXX.XX deg 
Y XXX.XX deg 
Monitor maneuver to attitude. 
Manual Maneuver: Mode Contro? — PGNS Attitude Hold, then maneuver. 
PRO 
Flashing Desired Automaneuver to F DAI Bail R XXX.XX deg 
V50N18 Angles P XXX.XX deg 
Y XXX.XX deg 
When maneuver is complete, by either method, select mode of RR acquisition of CSM. 
ENTER 
Manual RR acquisition. RR Mode switch: Auto or Slew 
Flashing Checklist Code 00201 
V50N25 
ENTER 
Choose RR acquisition mode. 
Flashing CheckSist Code 00205 
V50N25 
Perform manual acquisition of CSM with RR. Stew RR for Jockon. RR Mode 
switch — LGC. No Track light isoff. Wait 10 seconds. 
PRO 
Flashing 
VSON72 Trunnion Angle XXX.XX deg 


Shaft Angle XXX.X X deg 
Verify main lobe lockon. 
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PRO 
DSKY blanks; No Track light is out; RR taking marks. 
Flashing Delta R XXXX.X nmi 
VO6BN49 Delta V XXXX.X ftis 
Data Source Code (see above) 0000 X 
V32E Reject partial mark. 
V34E Reject total mark. 
PRO Update with mark. 
Flashing See above display and response options. 
VOQ6N49 
Automatic RR acquisition. 
RR Mode switch — LGC. 
Flashing Trunnion Angie XXX .XX deg 
V50N72 Shaft Angle XX X.X XK deg 
PRO 
No Track light is on. 
Flashing Alarm Code 00503 
VOSNOY 
RR data no good for SO seconds or Designate fails. 
V32E 
Redesignate to new V5ON72 display. 
PRO 
Start Search mode. 
Flashing 
V1I6N80 Data Indicator GOO000 — Search 
(42 seconds/scan) 
11111 — Lockon 
Angle Between LOS and LM +Z Axis XX X.X& K deg 
PRO 
When lockon occurs automatically, DSKY blanks; No Track light out; RR taking 
marks after PRO. 
Flashing Delta R X KKK. nmi 
VO6N49 Delta V XXXX.X ft/s 
Data Source Code (see above) 0000X 
V32E Reject partial mark. 
V34E Reject total mark. 
PRO Update with mark. 
To terminate: VS6E or V37EO0E, or V34E during a flashing display. 
To keep P20 running in the background: V37EXXeE. 
P21—-GROUND TRACK DETERMINATION 
Purpose: 


1. To provide astronaut with details of his ground track. 


Assumptions: 


1. Vehicle whose ground track parameters are calculated remains in freefall from start 
of program until TLAT/LONG. 


2 Proaram mav be selected while =M is either in earth or lunar orbit to define ground 


Sequence of Events: 


VS37E21E 


Flashing 
VO4NO6 


LM:-47 


P21 (continued) 


Option Code 1D 
Vehicle Code 


V22EXXE.- Key in vehicle desired. 


PRO 


V25E. 
PRO 


N91E 


a KEY REL 


V32E 


Purpose: 


1. To contro! the Rendezvous Radar (RR) to acquire and track the CSM white the LM 


Flashing 
VO6BN34 


Load desired time. (time = O specifies present time) 


Flashing 
VO6EN43 


Flashing 
VO6NQ1 


Flashing 
VO6BN43 


Flashing 
VO6BN34 


Flashing 
V37 


Time of LAT/LONG 


Ground Track Latitude 
Ground Track Longitude 
Altitude Above Ground 


Altitude 
Vetocity 
Ftight Path Angle 


Ground Track Latitude 
Ground Track Longitude 
Altitude Above Ground 


Repeat program from Time of LAT/ 
LONG with new loaded time. 


Select New Program. 


00002 
O000X (1—LM 


2--CSM) 


OOXXX. h 
O0OXX. min 
OXX.XXs 


XX X.XX deg {+ north) 
XX X.XX deg (+ east) 
XXXKX.X nmi 


XXXKXX.X nmi 
XXXXKX. ft/s 
XXX.XX deg 


XX X.X X deg (+ north) 
XX X.X X deg (+ east} 
XXXXK.X nmi 


P22—LUNAR SURFACE NAVIGATION PROGRAM 


is On the lunar surface. 
: 2. TO update the CSM state vector on the basis of RR tracking data. 
j 3. To track the CSM without updating either vehicle state vector. 
| 


Assumptions: 


F 1. 


cs using P22. 


z, 2. The CSM may be above or below the horizon, outside the available RR coverage 
sector, Or Outside the ailowable RR coverage sector. 


transponder for RR tracking of the LM. 


Normally the Lunar Surface Alignment program (P57) would be completed before 


The program will always track the CSM with the radar in Mode 2, whose available 
a coverage is always less than horizon to horizon. 


3. The CSM is maintaining a preferred tracking attitude that correctly orients the CSM 


8 
L 
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PZ2 (continued) 


At the beginning of the program the state vector update option is automatically set 
to the CSM, which may be inhibited at any time and later restored by the following 
manual entries: 


a. V81E — Update CSM state vector. 
b. V95E — No state vector update. 


The initialization of the W matrix is enabled by: 


a. A manual DSKY entry (V93E). 
b. Computer FRESH START ({(V36E). 
c. State vector update from the ground (P27). 


The RR tracking mark counter counts the number of RR marks processed by the 
LGC. This counter is zeroed: 


a. By manual setection of P20/P22 (V37E20/22E} 

b. Completion of the Target Delta V program (P76). 

c. Selection of a new program from a program which had turned on Average G. 
d. Initialization of the W matrix (Assumption 5). 


The RMS position and velocity errors computed from the W matrix are available by 
Extended Verb (V67E). Based upon values in this display and the details of the 
mission, the astronaut can elect to stop or continue the current navigation procedure 
or to reinitialize the W matrix and continue navigating. The capability to reinitialize 
the W matrix is also provided via V67E. 


The selection and termination of P20, P22, and P25 are subject to special operating 
procedures different from all other programs: 


a. Selection 

(1) Always by V37EXXE. 

(2) If any other program is running at the time of P20/22/25 selection the new 
program will replace the old. This includes P20/22/25 selection whenever 
either P20, 22, or 25 is running. 

(3) If P20 or P25 is running, selection of any program other than POO or P22 
will resuit in P20 or P25 continuing and the new program also operating with 
its number in the DSK Y program jights. 

(4) tf P20 or P25 is running, selection of POO or P22 will result in the 
termination of the oid program and operation of the new. 

b. Termination 

(1) By selection of POO, V56E. or by V34E. 

(2) POO selection will terminate P20, P22, and P25 and any other program in 
process and establish POO. 

(3) V56E selection will select the Terminate Tracking routine (R56) which wilt 
terminate only P20 or P25 if either of these programs is running in 
conjunction with another program. in all other cases R56 will select ROO. 
V56E may be performed any time during P20, 22, or 25 operation. 

The LGC will act upon V34E only in response to a flashing verb-noun. /f this 
display was originated by P20, 22, or 25, V34E will result in an identical 
LGC response to that of V56E; selection of R56. 


if this display was not originated by P20, 22. or 25 (such as P32, while 
running with P20) the LGC will go to ROO; however, the program in the 
background will continue. The new program selected follows the selection 
rules shown above. 


ad 


(4 


State vector integration may be permanently inhibited by V96E. This entry 
terminates all present programs and selects the LGC Idling program {P00) with the 
POO automatic state vector integration permanently inhibited until selection of 
another program. Use of V96 can cause incorrect W-matrix initialization because 
state vector synchronization is not maintained. 
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P22 (continued) 
Sequence of Events: 
V95E ; 
No update of either state vector allowed. 
V3 7E22E 


F lashing Option Code iD 
V04 N06 
Option 


V22E toad desired option 
PRO 


Flashing Fime of Ascent ignition 
VO6 N33 


F lashing Range 
V1I6N54E Range Rate 
Theta 


000 12 (CSM orbit 
option) 

OOOOX 

{1 —No orbit change 
2 — Change orbit to 
passover LM) 


OOXXX. h 
OOOX X. min 
OXX.XXs 


XXX. XX ami 
XXXX_X ft/s 
XXX.XX deg 


If range is greater than 400 nmi amd range rate ts greater thanO, VS6E — exst P22. 
If range is greater than 400 nmi and range rate is tess than O (closing) wart unti! 


range is less than 400 nmi. 
KEY REL 


Fiashing Time of Ascent Ignition 
VO6N33 


OOXXxX.h 
000 XX. min 
OXX.XXs 


Automatic Acquisition: RR Mode Switch — LGC; No Track light — out; DSKY — 


blanks; RR taking marks, (P22 runs in background.) 


V16N78E Range 
Range Rate 
Time from Ignition 


KEY REL 
V16N72E RR Trunnion Angie 
RR Shaft Angie 
KEY REL 
F lashing Detta Range 
VO6 N49 Delta Velocity 
Radar Data Source Code 
V32E 


XXX. XX nmi 
XXXXX. ft/s 
XXDXX min/s 


XXX. XX deg 
XXX.XX deg 


XKXKX.XKX nmi 
XXXX.X fi/s 
OOOOX 

(X = 1 range) 

(X = 2 range rate} 


Reread RR Flashing VO6N49 display repeats. Monitor display, PRO when desired to 


update state vectors. 


00503 (RR designate 


OOGOO Search 

(42 seconds/scan) 
11111 Lockon 
XXX. XX deg 


PRO 
Update — DSKY blanks; RR taking marks; P22 runs in the background. 
No Track light is on. RR not tracking. 
Fiashing Aiarm Code 
VOSS NO9 fail) 
ENTER Redesignate to Automatic Acquisition. 
or 
VS6E Terminate 
or 
PRO Search. 
Flashing Data Indicator 
VT6EN8O 
Angle Between LOS & LM +Z Axis 
PRO 


When iockon occurs, return to Automatic Acquisition above 
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P25-PREFERRED TRACKING ATTITUDE PROGRAM 


Purpose: 


1. 


TO compute the preferred tracking attitude of the LM which enables CSM tracking 
of the beacon and perform the maneuver to that attitude 


==» 


Assumptions: 


ie 


During the Rendezvous Navigation program (P20) the LM attitude control is 
intimately associated with the Rendezvous Radar (RR).Should a RR malfunction 
preclude correct operation of P20, this program (P25) should be selected to provide 
a LM preferred tracking attitude. 


The preferred tracking attitude is defined as follows: 


a. The LM #tZ axis is aligned along the LOS to the CSM. 
b. The roli attitude (about LM +Z axis) is unconstrained and is defined as necessary 
to avoid gimbal lock. 


Normally the IMU would be on and the IMU Orientation Determination program 
(P51) completed before using P25. A preferred orientation is not required for this 
program because the Attitude Maneuver routine (R60) can always calculate a vehicle 
Orientation about the LM +Z axis that can avoid gimbal lock for any IMU tnerttal 
orientation. 


The LM tracking beacon field of view is a 30-degree half-angle cone with the cone 
axis parallel to the LM +Z axis. 


The selection and termination of P20, P22, and P25 are subject to special operating 
procedures different from all other programs. 


a. Selection 

(1) Always by V37EXXE. 

(2) If any other program is running at the time of P20/22/25 selection the new 
program will replace the old. This includes P20/22/25 selection whenever 
either P20, 22, or 25 is running. 

(3) If P20 or P25 is running, selection of any program other than POO or P22 
will result in P20 or P25 continuing and the new program also operating with 
its number in the OSKY program lights. 

(4) if P20 or P25 is running, selection of POO or P22 will result in the 
termination of the old program and operation of the new. 

b. Termination 

(1) By selection of POO, V56E, or by V34E. 

(2) POO selection witl terminate P20, 22, and 25 and any other program in 
process and establish POO. 
V56E will select the Terminate Tracking routine (R56) which will terminate 
only P20 or P25 if either of these programs is running tn conjunction with 
another program. In al! other cases R56 will select ROO. V56E may be 
performed any time during P20, 22, or 25 operation. 
The LGC will act upon V34E only in response to a flashing verb-noun. if this 
display was originated by P20, 22. or 25, V34E will result in an identical 
LGC response to that of V56E; that is, selection of R56. If this display was 
not originated by P20, 22, or 25 (such as P32, while running with P20) the 
LGC witi go to ROO. However, the program in the background will continue. 
The new program selected follows the selection rules above. 
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Sequence of Events: 


VS7TE2Z5E 


Flashing Desired Automaneuver FOA} Angles R XXX.XX deg 
V50N18 P XXX.XX deg 
Y XXX.XX deg 


For Automaneuver: Guidance Control — PGNS 


Mode Control — PGNS Auto 


For Manual Maneuver: Guidance Contro{ — PGNS 


Mode Contro! — PGNS Attitude Hoid 
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P25 (continued) 


PRO 
VO6N18 Desired Automaneuver FDAI Angles R XXX.XX deg 
P XXX.XX deg 
Y XXX.XX deg 
y For Automaneuver: _VO6GN18 Display, For Manuai Maneuver: Flashing VSON18 
Display. 
I 
| V37EXXE 
or P25 continues in background until terminated by V56E. 
ENTER 
P27—LGC UPDATE 
Purpose 


1. To enter data into the LGC via the digital uplink or by crew input via the OSKY. 


Assumptions: 
+. ‘GC updates are of four categories: 


a. Provide a decrement for the LGC clock and the orbital integration state vector 
time tags, and an increment for TEPHEM (V70O). 

b. Provide load capability for a block of sequential erasable jocations (1 through 18 
whose addresses are specified) (V71). 

c. Provide load capability for individual erasable locations (1 through 9) (V72). 

gd. Provide an octal increment for the LGC clock only (V73). 


2. The uptink may be blocked by placing the Voice/Off/Voice BU switch to Voice BU. 
3. Update is allowed tn the LM only when the LGC isin the LGC Idling program (POO). 
P27 exit is always to POO. 


P3O-EXTERNAL DELTA V PROGRAM 


Purpose: 


1. To accept targeting parameters obtained from a source(s) external to the LGC and 
compute therefrom the required velocity and other initial conditions required by the 
LGC for execution of the desired maneuver. The targeting parameters inserted into 
the LGC are the time of ignition {TIG) and the impulsive Delta V along LM local 
vertical axes at TIG. 


Assumptions: 


1. The target parameters (TiIG and Delta V(LV)} may have been loaded from the 
ground during a prior execution of P27. 


2. The External Delta V flag is set during this program to designate to the thrusting 
program that External Delta V steering is to be used. 


3. The !SS need not be on to complete this program unless the Rendezvous Radar is to 
be used for automatic state vector updating by the Rendezvous Navigation program 
(P2O}. 


4. The Rendezvous Radar may or may not be used to update the LM or CSM state 
vectors for this program. If radar use is desired, the ISS should be tn operation and 
the radar should have been turned on and locked on the CSM by previous selection 
of P20. Radar sighting marks will be made automatically approximately once a 
minute when enabled by the Track and Update fiags. 


Sun 


5. This program is applicable in either earth or lunar orbit. 
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P30 (continued) 


Sequence of Events: 


V37E30E 
Flashing Time of Ignition OO XXX.h . 
VOEBN33 COOXX. min 2. 
OXX.XXs Kf 
V25E Load New TIG it 
PRO 3 ee 
Flashing Components of AV (LV) X XXXX.™& ft/s 
| VOEN8 1 Y XXXX.X ft/s Ba 
Z XXXX.X ft/s = 
| V25E Load Desired AV 4 
| PRO 
Flashing Apocenter Altitude XXXX.X nmi 
VO6N42 Pericenter Altitude XXXX.X ami 
AV (Required) XXXX.X ft/s | 
PRO 
Flashing Marks XX XXX marks 4 
VI6N45 Time Until Next Burn XXbXX min/s a. 
Middle Gimbal Angle XXX.XX deg 
PRO Middle gimbal set to -00002 if REFSMMAT fiag is not set. 2 
Flashing Select New Program 4 
V37 Ve 
P32—LM COELLIPTIC SEQUENCE INITIATION (CSI) PROGRAM 
Purpose: 


1. To calcutate parameters associated with the following concentric flight plan 
maneuvers: the Coelliptic Sequence initiation (CSI) and the Constant Delta Altitude 
maneuver (CDH), for Delta V burns. 


2. Tostore the CSI target parameters for use by the desired thrusting program. 


Assumptions: 


1. At a selected TPI time the line of sight between the LM and the CSM is selected to 
be a preseribed angle (E} from the horizontal plane defined at the active position. 


2. The time between CSI ignition and CDH ignition must be computed to be greater 
than 10 minutes for successful completion of the program. 


3. The time between CDH ignition and TP! ignition must be computed to be greater 
than 10 minutes for successful completion of the program. 


4. CDH Delta V is selected to minimize the variation of the altitude difference between 
the orb its. 


5. CSI burn is defined such that the impulsive Deita V is in the LM horizontal plane at 
CSI ignition. 


6. The pericenter aititude of the orbit following CSI and CDH must be greater than 
35,CG00 ft (lunar orbit) or 85 nmi {earth orbit) for successful completion of this 
program. 


7. The CSj and CDH maneuvers are originally assumed to be paraille! to the plane of the 
CSM orbit. However crew modification of Delta V (LV) components may resuit in 
an out-of-plane CS! maneuver. 
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P32 (continued) 


The Rendezvous Radar may or may not be used to update the LM or CSM state 
vectors for this program. If radar use is desired the radar was turned on and tocked 
on the CSM by prewous selection of P20. Radar sighting marks will be made 
automatically approximately once a minute when enabied. The rendezvous tracking 


mark counter is zeroed by the setection of P20 and after each thrusting maneuver. 


The ISS need not be on to complete this program unless the Rendezvous Radar is to 
be used for automatic state vector updating by the Rendezvous Navigation program 


(P20). P20 will define the status of the ISS. 


Sequence of Events: 


V37E32E 


PRO 


PRO 


PRO 


PRO 


PRO 


V90E 


PRO 


Flashing Time of CSI Ignition/T(APOAPSIS) 
VOEN t1 


V25E Load desired CS! TIG or time of APOAPSIS 


Flashing Number of Apsidal Crossings 
VO6N55 Elevation Angle 
Central Angie of Passive Vehicle 


V25E. Load desired data. 


Apsida! crossing is the future jine of apsis of the active vehicle. 


Elevation angle is the angte between the LM/CSM LOS and the LM local 


OOXXX.h 
000XX. min 
OXX.XXs 


0000 X 
XXX.XX deg 
XXX.XX deg 


plane. CENTANG is an option code where R3 # O specifies T1IG(COH) to occur at 


N{180) degrees from CSI maneuver and N = number entered in R1. 


For CSM solution (P72), angle is between CSM/LM LOS and the CSM horizontal. 


Flashing Time of TPI Ignition 
VO6N37 


V25E Load desired TPI TiG. 


Flashing Marks 
V16N45 Time from Ignition of Next Burn 
Middte Gimbal Angle 


Set Final flag. 


COXXX.h 
OOOXX. min 
OXX.XXs 


x KKK 
XXbxXX min/s 
-00001 


V32E continues in program but Finat flag is not set. Used when another pass is 


desired. 


Alarm codes 00600 through OO606 may occur. If an alarm occurs. V32E recycles 
to VO6N11 where the input parameters may be adjusted for a new solution. 


Flashing Delta Altitude (CDH) 
VO6BN75 AT (CS} - COW) 
AT (COH - TP!) 


Flashing AV» {LV) for CSI 
VO6N81 = AV (LV) forCsI 
AV> (LV) for CSI 


To correct for out-of-plane velocity on finat pass. 
Flashing Time of Event 
VOE6N t6 


V25E Load desired TiG. 


XKXXK.X ami 
XXbXX min/s 
XXbBXX min/s 


XKXX.X ft/s 
XXXXKX ft/s 
XXXX.X ft/s 


0O0XXX.h 
OOOXX. min 
OXX.XXs 


horizontal 
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P32 (continued) 


Flashing Out-of-Plane Distance XKXK.KK nmi 
VO6NS0 Out-of-Plane Velocity (YDOT) XXXX.X ft/s 
Psi XX X.X X deg 
Record out-of-plane velocity. 
PRO 
Fiashing AVy (LV) for CSI XXXX.X ft/s 
VO6NBt AVy (LV) for CSI XXXX.X ft/s 
7A Vz (LV) for CSI XK XX. ft/s 
V22E Load — YDOT recorded above. 
ae Fiashing AVy (LV) for CDH XXXX.X ft/s 
VO6N82 AVy (LV) forCOH XXXX.X ft/s 
AV> (LV) forCOH XXKXX.X ft/s 
PRO If Final flag ts set, go to previous flashing V16N45. 
Fiashing Marks KKKXKX. 
V16N45 Time from Ignition XXbXX min/s 
Middle Gimba! Angle XXX.XX deg 
Middle gimbal angle (MGA) will be MGA at TGI(CS1). 
If the IMU is not aligned, MGA will be -00002. 
For CSM solution (P72), MGA is always -O0002 on the final pass. 
PRO 
Flashing Select New Program 
V37 
P33—LM CONSTANT DELTA ALTITUDE (COH) PROGRAM 
Purpose: 


1. To calculate parameters associated with the Constant Delta Altitude maneuver 
(CDH), for Delta V burns. 


Assumptions: 


1. This program is based upon previous completion of the Coelliptic Sequence 
Initiation (CSI) program (P32). Therefore: 


a. Ata selected TPI time (now in storage) the line of sight between the LM and the 
CSM was selected to be a prescribed angle (E) (now in storage) from the 
horizontal piane defined at the active position. 


b. The time between CS! ignition and CDH ignition was computed to be greater 
than 10 minutes. 


c. The time between CDH ignition and TP! ignition was computed to be greater 
than 10 minutes. 


d. The variation of the altitude difference between the orbits was minimized. 


CSI burn was defined such that the impulsive Delta V was in the LM horizontal 
plane at CSI ignition. 


f. The pericenter altitudes of the orbits following CSI and CDH were computed to 
be greater than 35,000 ft (!unar orbit) or 85 nmi for earth orbit. 


g. The CSI and CDH maneuvers were assumed to be paralie! to the plane of the 
CSM orbit. However, crew modification of Delta V (LV) components may have 
resulted in an out-of-plane CS! maneuver. 


2. The Rendezvous Radar may or may not be used to update the LM or CSM state 
vectors for this program. | f radar use was desired the radar was turned on and locked 
on the CSM by previous selection of P20. Radar sighting marks will be made 
automatically approximately once a minute when enabled. The rendezvous tracking 
mark counter is zeroed by the selection of P20 and after each thrusting maneuver. 


es. 


| 
| 
, 


LM-55 


P33 (continued) 


3. The ISS need not be on to complete this program unless automatic state vector 
updating is desired by the Rendezvous Navigation program (P2Q). tf selected, P20 
will define the status of the ISS. 


by Sequence of Events: = 
: V37E33E 
Flashing Time of Ignition (CDH) QOXXX h 
, VO6N13 000XX min 
, OXX.XXs 
t V25E Load desired TIG. 
a PRO 
. Flashing Marks XXXXX 
4 V16N45 Time from Ignition XXbXX min/s 
¥ Middle Gimbal Angle -00001 


PRO Set Final flag. 
V32E continues in program but Final flag is not set. Used when another pass is 


desired. 
If an alarm occurs, a V32E may be used to recycle the VO6N13 and readjust TIG. 
Flashing Delta Altitude {CDH) XXXX.X nmi 
VO6N75 AT (TP! - CDH) XXbxXX min/s 
AT {TPI - Nom TP) XXbxXX min/s 
PRO 
Flashing AV, (LV) for COH XXXX.X ft/s 
g VO6N81 AVY (LV) forCOH XX XX.X ft/s 
j AV?2 (LV) for CDH XXXX.X ft/s 
j To correct for out-of-plane velocity on final pass. 
q V90E 
! Flashing Time of Event O00 XXX. h 
ag VO6N16 O00XX. min 
q OXX.XX s 
| V25E Load desired TIG. 
rt PRO 
| Flashing Out-of-plane Distance XXX.XX nmi 
q VO6EN90 Out-of-plane Velocity (YDOT) XXXX.X ft/s 
Psi XXX.XX deg 
Record out-of-piane velocity. 
PRO 
| Flashing AV, (LV) for CSI XXXX.X ft/s 
4 VOEN8 1 AVy{LV) forCSI XXXX.X ft/s 
3 AV> {LV) forCSI XXXX.X ft/s 


V22E Load — YOOT recorded above. 
PRO If Final flag ts not set, go to previous flashing V16N45 display. 


Flashing Marks XXXXX 
V16N45 Time from Ignition XXbXX min/s 
Middle Gimbal Angle XXX.XX deg 


Middle gimbal angle (MGA) will be MGA at TIG{CDH). 

if the IMU is not aligned, MGA will be -00002. 

For CSM solution (P73) MGA is always 0002 on the final pass. 
; PRO 


Flashing Select New f.ogram 
V37 
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P34—-LM TRANSFER PHASE INITIATION (TPI) PROGRAM 


Purpose: 


i 


2: 


To calcutate the required Delta V and other initial conditions required by the LGC 
for LM execution of the transfer phase initiation (TPI) maneuver. Given 


a. Time of ignition (TIG(TPI)) or the elevation angle (E) of the LM/CSM LOS at 
TIG(TPY). 


b. Central angle of transfer (CENTANG) from TIG(TPi) to intercept time 
(TIG(TPF)). 


To cajcuJate TIG(TPH) given E or E given TIG(TPI). 


Assumptions: 


We 


This program is based upon previous completion of the Constant Delta Altitude 
(CDH) program (P33). Therefore: 


a. Ata selected TPI time (now in storage) the line of sight between the LM and the 
CSM was selected to be a prescribed angle (E) (now in storage) from the 
horizontal plane defined at the LM position. 


b. The time between CDH ignition and TPI ignition was computed to be greater 
than 10 minutes. 


c. The variation of the altitude difference between the orbits was minimized. 


The pericenter altitudes of the orbits following CS! and CDH were computed to 
be greater than 35,000 ft (ijunar orbit) or 85 nmi (earth orbit). 


e. The CSt and CDH maneuvers were assumed to be Parallel to the plane of the 
CSM orbit. However, crew modification of Delta V (LV) components may have 
resulted in an out-of-plane CDH maneuver. 


The Rendezvous Radar may or may not be used to update the LM or CSM state 
vectors for this program. If radar use ts desired the radar was turned on and locked 
on the CSM by previous selection of P20. Radar sighting marks wilt be made 
automatically approximately once a minute when enabled. The rendezvous tracking 
mark counter ts zeroed by the selection of P20 and after each thrusting maneuver. 


The ISS need not be on to complete this program unless automatic state vector 
updating is desired by the Rendezvous Navigation program (P20). If selected, P20 
will define the status of the ISS. 


Once the parameters required for computation of the maneuver have been 
completely specified, the value of the active vehicle centrai angle of transfer is 
computed and stored. This number wili be available for display to the astronaut 
through the use of VO6 N52. 


The astronaut would call this display to verify that the central angle of transfer of 
the active vehicle ts not within 170 to 190 degrees. If the angie is within this zone 
the astronaut should reassess the input targeting parameters based upon Deita V and 
expected maneuver time. 


Sequence of Events: 
V37E34E 


PRO 


Flashing Time of Ignition (TPI) OOXXX. h 
VO6N37 000 XX. min 
OXX.XXs 
V25E Load desired TIG. 
Flashing Number of Precision Offsets OO00X 
VO6N55 Elevation Angle XXX.XX deg 
Central Angle of Passive Vehicle XXX.XX deg 


V25E. Load desired data. 


Number of precision offsets is an integration code where X = O specifies integration 
of aconic trajectory to generate the target vector and, if X #0, specifies precision 
integration to integrate the’ target vector. If precision integration is desired, X should 
= 2. 


tie 
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P34 (continued) 


Elevation angle (E) is the angle between the LM/CSM LOS and the LM local hori- 
zontal at TIG(TPI). E should be = #00000 if E is to be computed for the specified 
TIG. 


For CSM solution (P74) the angie is between the CSM/LM LOS and the CSM local 
vertical at TIG. 


PRO 


Flashing Marks XXXXX 
V16N45 Time from Ignition XXbXX min/s 


V32E continues the program but F inat flag is not set. Used when another pass is 
desired. 


PRO Set Final ftag. 
if elevation angle for given TIG is to be computed. 


Fiashing Same as N55 above except elevation angle has been computed. 
VO6N55 
TIG for given elevation angle if elevation angle above was # 0. 
F lashing Time of Ignition OOXXX.h 
VO6N37 OOOXX. min 
OXX.XX s 
PRO 
Flashing Pericenter Altitude XXXX.X nmi 
VO6N58 Delta V (TPI) XXXX.X ft/s 
Delta V (TPF) XXXX.X ft/s 
PRO 
Flashing AV, (LV) for TPI XXXX.X ft/s 
VO6N81 AVy (LV) for TPI XXXX.X ft/s 
AV> (LV) for TPI XXXX.X ft/s 
PRO 
F lashing AV, (LOS) for TPI XXXX.X ft/s 
VO6N59 AV. {LOS) for TPI XXXX.X ft/s 
Av> (LOS) for TPI XXXX.X ft/s 
PRO 
Flashing Marks XXXXX 
V16N45 Time from Ignition XXbXX min/s 
Middle Gimbat Angle XX X.XX deg 
PRO 
Flashing Select New Program 
V37 
P35—LM TRANSFER PHASE MiIODCOURSE (TPM) PROGRAM 
Purpose: 


1. To calculate the required Delta V and other initial conditions required by the LGC 
for LM execution of the next midcourse correction of the transfer phase of an active 
LM rendezvous. 


Assumptions: 


1. The ISS need not be on to complete this program unless automatic state vector 
updating is desired by the Rendezvous Navigation program (P2Q). If selected, P20 will 
define the status of the [SS 
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P35 (continued) 


2. The Rendezvous Radar is on and ts locked on the CSM. This was done during previous 

selection of P20. Radar sighting marks will be made automatically approximately 

! once a minute when enabled. The rendezvous tracking mark counter is zeroed by the 
: selection of P20 and after each thrusting maneuver. 


3. The time of intercept (T(INT)) was defined by previous completion of the ‘Lransfer 
Phase Initiation (TPI) program (P34) and is presently available in LGC storage 


p 4. Once the parameters required for computation of the maneuver have been completely 
‘| specified, the value of the active vehicle central angle of transfer is computed and 
| stored. This number will be avaiiable for display to the astronaut through the use of 


| 
VO6 N52. | 
The astronaut would cail this display to verify that the central angle of transfer of the 
7 active vehicie is not within 170 to 190 degrees. If the angle is within this zone the 
astronaut should reassess the input targeting parameters based upon Delta V ane 
4 expected maneuver time. 
4 
Sequence of Events: 
V37E35E 
Flashing Marks XXXXX 
V16N45 Time from ignition XXbXX min/s 
Middle Gimbal Angle -Q0001 
Middle Gimbat Angle (MGA) is -1 untif the final pass through the program. 
PRO 
Flashing AV y (LV) for TPM XXXX.X ft/s 
VO6N8} AVY (LV) for TPM XXXX.X ft/s 
Av; (LV) for TPM XXXX.X ft/s 
PRO 
| Flashing Marks XXXXX 
V16N45 Time from tgnition XXbXX min/s 
| Middle Gimbal Angle x XK X. X X deg 
| PRO 
| Flashing Select New Program 
V37 
P40—DPS PROGRAM 
Purpose: 


1. To compute a preferred IMU orientation and a vehicle attrtude for a LM DPS 
thrusting maneuver and to maneuver the vehicle to that attitude. 


| 


2. To conto! the PGNS during countdown, ignition, thrusting, and thrust termination 
of a PGNS controlled OPS maneuver. 


Assumptions: 


1. The target parameters have been calcuiated and stored in the LGC by prior execution 
of a prethrusting program. 


— ———_ | | 


2. The required steering equations are identified by the prior prethrust program, which 
either reset (“ASTEER") or set (External Delta V) the External V flag. For External 
Delta V steering, VG is calculated once for the specified time of ignition. Thereafter 
both during DPS thrusting and until the crew notifies the LGC that RCS trim 


thrusting has been completed, the LGC updates VG only asa resuit of accelerometer 
inputs. 


—_ eee eee 
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P40 (continued) 


For steering controi when using ’"ASTEER,’’ the velocity required is calculated from 
the most recent intercept trajectory semimajor axis. The Lambert routine periodically 
recomputes the intercept trajectory semrmmayjor axis for the “ASTEER” caiculations. 
The interval between Lambert solutions is controlled by an erasable {oad value {UT). 


. Engine ignition may be stipped beyond the established T!G if desired by the crew, or 


if state vector integratron cannot be completed in time. 


If a thrusting maneuver is performed with the Guidance Control Switch in PGNS and 
the Mode Control Switch in Auto, the PGNS controis the total vehicle attitude and 
generates either Mode 1 or Mode 2 attitude errors for display on the FOA!. The crew 
may exercise control about only the yaw axis with the ACA (X-axis override) 
orovided the X-axis override capability is permitted. 


If a thrusting maneuver is performed with the Guidance Control switch in PGNS and 
the Mode Control switch in Attitude Hold, the PGNS holds the vehicle attitude and 
generates either Mode 1 or Mode 2 attitude errors for display on the FOA!. The crew 
may exercise manual! control about the vehicie axes with the ACA using either the 
Rate Command or Minimum Impulse mode. However, it ts strongly recommended 
that powered flight not be attempted in the Minimum Impulse mode. 


If the Guidance Control switch ts changed from PGNS to AGS during a thrusting 
maneuver, the LGC continues computation of position, velocity, desired thrust 
vector, and desired attitude errors. 


The PGNS generates two types of errors for display on the FDAI as selected by the 
astronaut. 


a. Mode 1 — Selected by Verb 61. Autopilot following errors used as a monitor of 
the DAP‘s ability to track automatic steering commands. 


b. Mode 2 — Selected by Verb 62. Total attitude errors used to assist the crew in 
manually maneuvering the vehicle. 


Fhe X-axis override option provides the crew with the ability tO exercise manual 
control about the LM X axis with the attitude controller even though the PGNS 
Attitude Control mode is Auto. When the controller is returned to detent the DAP 
damps the yaw rate, stores the yaw attitude when the yaw rate is damped, and then 
maintains that attitude. 


The X-axis Override option is always available to the crew. However. it should not be 
exercised when the LGC is specifying a desired yaw attitude; that is, during the 
attitude maneuver to the thrusting attitude. 


When the thrust/translation controller is set to minimum thrust position and the LGC 
throttle command is zero, the DPS will start at 10 percent thrust. 


The Load DAP Data routine {RO3} has been performed prior to selection of this 
program and the DPS engine gimbal has been previously driven to the correct trim 
position. if this burn is of sufficient duration that vehicle transients at ignition due to 
CG/thrust do not affect accomplishment of maneuver aim conditions, then the gimbal 
need not be driven to the trim position before TIG. Driving the gimbal to the trim 
position in worst case conditions could require 2 minutes. 


During OPS burns only, the pitch-roll RCS jet autoprlot (U and V jets) may be 
disabfed by (V65) or enabled by {V75). This capability is intended to be used to 
orevent LM and descent stage thermal constraint violations during CSM-docked OPS 
burns (P4Q). The capability exists during P63 and P70 aiso. Performance of FRESH 
START (V36E) will always enable the capability in the autopiot. 


. The LGC wili neither designate nor read the Rendezvous Radar {RR) during this 


program. 


This program should be selected by the astronaut by DSK Y entry at least 5 minutes 
before the estimated time of ignition. 


The value of Delta V required will be stored in the local vertical coordinate system 
and is available during this program by keying VO6 N81E. 
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P40 (continued) 


Sequence of Events: 
V37E40E 


PRO 


Flashing Desired Automaneuver to FDAI Bail 
VS50ON18 Angles 


Automaneuver: Guidance Control — PGNS 
Mode Controt — PGNS Auto 


Monitor automatic maneuver to attitude. 


VO6N18 Desired Automaneuver to FDAI Bail 
Angles 


Manual Maneuver: Guidance Control — PGNS 
Mode Control — PGNS Attitude Hold 


Maneuver to VSON 18 displayed angles. 


ENTER 


Flashing Checklist Code 
VS5S0N25 


Please switch to: Guidance Control — PGNS 
Attitude Control — Auto 
Throttle Switch — Auto 


ENTER 


PRO 


PRO 


PRO 


VO6N40 Time from Ignition (TFT) 
Magnitude of Velocity to be Gained 
OV (accumulated) 


TFI counts down until TIG -35 seconds, when OSKY blanks for 5 seconds. VO6N40 


display returns until TIG -5 seconds. 


TtG - 15 seconds. R3 should be less than QOOOS. 
TIG - 7.5 seconds. Verify +X ullage. 
TIG -5 seconds 


Flashing Time from Ignition 
V99N40 Magnitude of Velocity to be Gained 
AV (accumulated) 


Astronaut okays ignition. TIG occurs. 


VO6N40 Time from Engine Cutoff 
Velocity to be Gained 
SV (accumulated) 


Fiashing Time from Engine Cutoff 
V16N40 Velocity to be Gained 
AV (accumulated ) 


Turn off DPS engine: 
Push ENG STOP 
Switch ENG ARM to OFF 


Flashing VGy (body) 
V16N85 VGy, (body) 
VGs (body) 


Null residual velocities. 


Flashing Select New Program 
V37 


XX X_XX deg 
XXX_X X deg 
XXX.XX deg 


<UVD 


XXX.XX deg 
XXX.XX deg 
XXX.XX deg 


< VD 


00203 


XXbxXxX min/s 
XX XX.X ft/s 
xX KXX.X ft/s 


XXbXX min/s 
XXXX.X ft/s 
XXXX.X ft/s 


XXbXX min/s 
XXXX.X ft/s 
XXXX.X ft/s 


XXbXX min/s 
XXX X.X ft/s 
XXXX.X ft/s 


XXXX.X ft/s 
XXXX.X ft/s 
XXXX.X ft/s 
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P41-RCS PROGRAM 


Purpose: 
1. 


To compute a preferred {MU orientation and a vehicle attitude for an RCS thrusting 
maneuver and to perform the vehicle maneuver to that attitude. 


To provide suitable displays for manual execution of the thrusting maneuver in the 
Attitude Hold mode. 


Assumptions: 
1. 


The target parameters have been caiculated and stored in the LGC by prior execution 
of a prethrusting program. 


The required steering equations are identified by the prior prethrust program, which 
either reset (‘‘ASTEER"’) or set (External Delta V) the External Delta V flag. For 
Externai Delta V steering, VG is calcujated once for the specified time of ignition. 
Thereafter until the crew notifies the LGC that RCS thrusting has been completed, 
the LGC updates VG only as a result of accelerometer inputs. 


For steering control when using ’“ASTEER,”’ the vefocity required is calculated from 
the most recent intercept trajectory semimajor axis. The Lambert routine periodically 
recomputes the intercept trajectory semimajor axis for the “ASTEER”’ calculations. 
The interval between Lambert solutions is controlled by an erasable load value (UT). 


RCS ignition may be slipped beyond the established TIG if desired by the crew, or if 
state vector integration cannot be completed on time. 


If a thrusting maneuver is performed with the Guidance Control switch in PGNS and 
the Mode Control switch in Attitude Hojd, the PGNS holds the vehicle attitude 
and generates either Mode 1 or Mode 2 attitude errors for display on the FDAI. The 
crew may exercise manual control about all vehicle axes with the ACA using either 
the Rate Command or Minimum Impulse mode. However, it is strongly 
recommended that powered flight not be attempted in the Minimum Impulse mode. 


The PGNS generates two types of errors for dispiay on the FDA! as selected by the 
astronaut. 


a. Mode 1 — Selected by Verb 61. Autopilot following errors used as a monitor of 
the DAP’s ability to track automatic steering commands. 


b. Mode 2 — Selected by Verb 62. Total attitude errors used to assist the crew in 
manually maneuvering the vehicle. 


The X-axis override option provides the crew with the ability to exercise manual 
contro} about the LM X axis with the attitude controiler even though the PGNS 
Attitude Control mode is Auto. When the controller is returned to detent, the DAP 
damps the yaw rate, stores the yaw attitude when the yaw rate is damped, and then 
maintains that attitude. 


The X-axis override option is always available to the crew. However, it should not be 
exercised when the LGC its specifying a desired yaw attitude; that is, during the 
attitude maneuver to the thrusting attitude. 


The Load DAP Data routine (RO3) has been performed prior to selection of this 
program. 


The LGC will neither designate nor read the Rendezvous Radar (RR) during this 
program. 


This program should be selected by the astronaut by DSKY entry at least 5 minutes 
before the estimated time of ignition. 


The value of Delta V required wil! be stored in the local vertical system and is 
avaiable in this program until Average G turns on by keying in VOGN81E. 


Sequence of Events 
V37E41E 


Flashing Desired Automaneuver to FDA! Ball R XXX.XX deg 
VS5ON18 Angles P XXX.XX deg 
Y XXX.XX deg 


Automaneuver: Guidance Controt — PGNS 
Mode Control — PGNS Auto 


PRO 
V1I6N18 Desired Automaneuver to FDA! Bail R XXX.XX deg 
Angles P XXX.XX deg 
Y XXX.XX deg 
Monitor automatic maneuver to VO6N 18 displayed values. 
Manual Maneuver: Guidance Control — PGNS 
Mode Control — PGNS Attitude Hold 
Maneuver to V50N 18 values. 
ENTER 
V16N85 VGy (body} XXXX.X ft/s 
VGy {body) XXXX.X ft/s 
VG5 (body) XXXX.X ft/s 
Mode Control: Attitude Hold 
At TIG - 35 seconds, the DSKY blanks until TIG - 30 seconds and V16N85 diselay 
returns. 
At TIG - OO seconds. 
Flashing VGy {body) XXXX.X ft/s 
V16N85 VGy (body) XXXX.X ft/s 
VG5 (body} XXXX.X ft/s 
Nult components of velocity, when satisfied. 
PRO 
Flashing Seiect New Program. 
V37 
P42—APS PROGRAM 
Purpose: 
1. To comegute a preferred IMU orientation and vehicle attitude for an LM APS 
thrusting maneuver and maneuver the vehicle to that attitude. 
2. Tocontrol the S/C during countdown, ignition, thrusting, and thrust termination of 
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P41 (continued} 


a PGNS-controlled APS maneuver. 


Assumptions: 


1. 


The target parameters have been calculated and stored in the LGC by prior 
execution of a prethrusting maneuver. 


The required steering equations are identified by the prior prethrust program, which 
either reset (“ASTEER’’) or set (External Delta V) the External Delta V flag. for 
External Delta V steering, VG is caiculated once for the specified time of ignition. 
Thereafter both during APS thrusting and until the crew notifies the LGC that RCS 
trim thrusting has been completed, the LGC updates VG onty as a result of 
accelerometer inputs. 


For steering control when using “ASTEER,” the velocity required is calculated from 
the most recent intercept trajectory semimajor axis. Fhe Lambert routine 
periodically recomputes the intercept trajectory semimajor axis for the “ASTEE R” 
calculations. The interval between Lambert solutions is controlled by an erasable 
toad value (UT). 


Engne ignition may be slipped beyond the established TIG if desired by the crew or 
if state vector integration cannot be completed in time. 


\f a thrusting maneuver is performed with the Guidance Control switch in PGNS and 
the Mode Control switch in Auto, the PGNS controls the total vehicle attitude and 
generates either Mode 1 or Mode 2 attitude errors for display on the FDAI. The 
crew may exercise control about only the yaw axis with rhe ACA (X-axis override} 
provided the X-axis override capability ts permitted. 


‘ih 
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if a thrusting maneuver is performed with the Guidance Control switch in PGNS and 
the Mode Control switch in Attitude Hotd, the PGNS holds the vehicle attitude 
and generates either Mode 1 or Mode 2 attitude errors for display on the FDAI. The 
crew may exerctse manual control about all vehicle axes with the ACA using either 
the Rate Command or Minimum jmpulse mode. However, it is strongly 
recommended that. powered flight not be attempted in the Minimum Impulse mode. 


The PGNS generates two types of errors for display on the FDAI as selected by the 
astronaut: 


a. Mode 1 — Selected by Verb 61. Autopilot following errors used as a monitor of 
the DAP’s ability to track automatic steering commands. 


b. Mode 2 — Selected by Verb 62. Total attitude errors used to assist the crew in 
manually maneuvering the vehicle. 


The X-axis override option provides the crew with the ability to exercise manual 
control about the LM X axis with the attitude controller even though the PGNS 
Attitude Control mode is Auto. When the controller is returned to detent the 
PGNS damps the yaw rate, stores the yaw attitude when the yaw rate is Gamped, 
and then maintains that attitude. 


The X-axis override option ts always available to the crevv. However, it should not be 
exercised when the LGC is specifying a desired yaw attitude; that ts, during the 
attitude maneuver to the thrusting attitude. 


The Load DAP Data routine {RO3) may have been performed prior to selection of 
this program. 

The LGC will neither designate nor read the Rendezvous Radar (RR) during the 
program. 


This program should be selected by the astronaut by ODSKY entry at least 5 minutes 
before the estimated time of ignition. 


The value of Delta V required will be stored in the tocal vertical system and is 
available in this program untit Average G turnson by keying VO6N81E. 


Sequence of Events: 


V37E42E 
Flashing Desired Automaneuver to FDAI Ball R XXX.XX deg 
V50N18 Angles P XXX.XX deg 
Y XXX.XX deg 
Automaneuver: Guidance Control — PGNS 
Mode Controt — PGNS Auto 
PRO 
VOEN18 Destred Automaneuver to FDA] Ball R XXX.XX deg 
Angles P XXX.XX deg 
Y XXX.XX deg 
Monitor automaneuver to VO6N18 displayed values. 
Manual Maneuver: Guidance Control — PGNS 
Mode Control — PGNS Attitude Hotd 
Maneuver to V5ON18 displayed angles. 
ENTER 
VO6N40 Time from Ignition XXbxXX min/s 
Velocity to be Gained XXXX.X ft/s 
AV (accumulated) XXXX.X ft/s 


TFI counts down until TIG - 35 seconds when DSKY blanks for 5 seconds. VO6N40 
display returns until TIG - 5 seconds. 
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VO6N40 Same 3s above. 
TIG - 15 seconds. R3 should be less than O0OO. 


TIG - 14 seconds. Manual ullage. Ca 
TIG - 10 seconds. Stage switch — Fire MASTER ARM — OFF. = 
TiG - 3.5 seconds. Verify +X ullage = 
TIG - 5 seconds. a 
Flashing Time from Ignition XXbXX min/s | 
V99N40 Magnitude of Velocity to be Gained XXXX.X ft/s e 
QV faccumulated) XXXX.X ft/s = 
PRO a 
VO6N40 Time from Engine Cutoff XXbXX min/s ; 
Magnitude of Velocity to be Gained XXXX.X ft/s 3 
AV (accumulated) XXXX.X ft/s = 
Flashing Time from Engine Cutoff XXbXX min/s 4 
V16N40 Magnitude of Velocity to be Gained XXXX.X ft/s E 
AV (accumulated) XXXX.X ft/s 3 
Engine Arm — OFF. Shutdown APS engine. 4 
PRO x 
Flashing AVy (LM body) XXXX.X ft/s 
VI6N85 AVy {iM body) XXXX.X ft/s 
Av> (LM body) XXXX.X ft/s 
Null residual velocities. 
PRO 
Flashing Select New Program 
V37 
P47— THRUST MONITOR PROGRAM ny 
Purpose: Ps : 
t. To monitor vehicle acceleration during a non-PGNS controlled thrusting maneuver “= 
and display Delta V applied to the vehicle by this thrusting maneuver. ee | 
Assumptions: eS : 


1. This program is normally used during the final phase of the rendezvous. If the crew 
desires to do any final phase thrusting maneuvers automatically under PGNS 
contro! they must be accomplished via selection of the Transfer Phase Initiation 
(TPI) program (P34) and then the DPS Thrusting program (P40). 


2. Range, range rate, and theta may be displayed during this program by calling the 
Rendezvous Parameter Dispiay routine (R31). 


3. This program should be turned on just prior to the planned thrusting maneuver and 
terminated as soon as possible after the maneuver in order to keep errors associated 
with Average G integration at a minimum. 


4. The Orbit Parameter Display routine (R30) may be called during this program by 
keying in V82E. 
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P47 (continued) 


Sequence of Events: 


VI7TE4S7E 
Flashing AV y (LM body) XXXX.X ft/s 
V16N83 AV y (LM body) XXXX.X ft/s 
Av; (LM body) XXXX.X ft/s 
V83E 
V16N54 Range XXX.XX ami 
Range Rate XXXX.X ft/s 
Angle Between LM +Z Axis and Horizontai XXX.XX deg 
PRO 
Flashing Same as above. 
V16N83 
V82E 
Flashing Apocenter Altitude XK XX.X ami 
V16N44 Pericenter Altitude XXXX.X ami 
Time from Phase XXbxXX min/s 
PRO 
Fiashing Same as above. 
V16N83 
PRO 
Flashing Setect New Program. 
V37 
P51-IMU ORIENTATION DETERMINATION PROGRAM 
Purpose: 
1. To determine the inertial orientation of the IMU using sightings on two celestial 


bodies with the AOT or a backup optical system. 


Assumptions: 


L. 


There are no restraints upon the LM attitude contro! modes until a PGNS 
controlled maneuver ts called by a program or the crew wishes to manually 
maneuver the vehicie. 


Time and RCS fuel may be saved, and subsequent IMU alignment decisions greatly 
simplified, if this program its performed in such a way as to leave the IMU inertially 
stabilized at an orientation as close as possibie to the optimum orrentation sequence 
followed by future LGC programs. 


Extended verbs should not be exercised during thts program because of possible 
interference with the AOT Mark routine (R53). 
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Sequence of Events: 
V37E51E 


Flashing ~ Checklist Code 00015 
VS50N25 


Perform celestial body acquisition. 


To coarse align IMU to0-0-O 


ENTE&R 


V41N + 000.00 deg 
Une? + 000.00 deg 
+ 000.00 deg 


NO ATT light on; FDAI ball torques: NO ATT light off 
PRO 


Flashing Code OOC DE 
VO1N71 Mark X/Cursor Counter XXXXX Octal 
Mark Y/Spira! Counter XXXXX Octal 


C — AOT Detent 
O—COAS calibration (not allowed), 1—front left, 
2—front center, 3-front right, 4—right rear, 
5--rear center, 6—rear left, 7—backup optical 
system—COAS. 

DE —Celestial Body Code 
00—planet, 01/45—star from code list, 46—sun, 
47—earth, 50—moon 


V21E. Load desired star code and detent. 
If C = 7, COAS to be used in place of AOT for marks. 


PRO 
Fiashing Backup Optics LOS Azimuth XXX.XX deg 
VO6N87 Backup Optics LOS Elevation XXX.XX deg 
V24E. Load correct data +E, +O9000E Overhead Window. 
PRO 
Fiashing (Mark X or Y} 
V54N71 Display same as VQ1N71 above. 
MARK X 
V53N71 (Mark Y Reticte) 
Display same as VO1N71 above. 
MARK Y 
V52N71 (Mark X Reticle) 
Display same as VO1IN7t above. 
After first star, repeat sequence starting at VOIN/71. 
PRO 
After second star. 
Flashing Star Angle Difference XXKX.XX deg 
VO6BNOS5 
V32E 
Recycie to start of program with Flashing VSON25 display. 
or 
PRO 


Flashing Select New Program 
V3? 


ee 
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P52—{MU REALIGN PROGRAM 


Purpose. 
}. To.align the IMU from a “known” orientation to one of four orientations selected 
by the astronaut using sightings On two celestial bodies with the AOT or a backup 
optical system. 


a. Preferred Orientation (Option 00001}. An optimum orientation for a previously 
calculated maneuver. This orientation must be calculated and stored by a 
previously selected program. 


b. Landing Site Orientation (Option 00004) 


more ee a ae 


where: 


The origin is the center of the moon, R s = The position vector of the LM on 
the lunar surface at a tanding site and a tiff. T(align) selected by the crew. 


Hosm = The angular momentum vector of the CSM (Resm X Vcsm ). 


A special case of the landing site orientation occurs when T (align) is defined as 
the time of lunar landing T(land). This case occurs only if T(land) has been 
defined by the MSFN, transmitted to the crew, and the crew has then defined 
T{Atign) to be T(land) in this program. 


Nominat Orientation (Option 000Q2) 
Kon = Unit (R) Yom = Unit (V x R} Zou = Unit (Xan x You) 
where: 


R = The geocentric {earth orbit} or selenocentric (lunar orbit) radius vector at 
time T(align) selected by the astronaut. 


V = The inertial vetocity vector at time T(align) selected by the astronaut. 


d. REFSMMAT (Option 00003}. A known orientation stored in the LGC at a previous 
time. 


Assumptions: 


The configuration may be docked (LM/CSM) or undocked {1M alone}. The present 
configuration should have been entered into the LGC by completion of the DAP 
Data Load routine (RO3). 


There are no restraints upon the LM attitude control modes until a PGNS 
controlled maneuver is called by a program or the crew wishes to manuaily 
maneuver the vehicle. The Guidance Control switch may be at PGNS or AGS and, if 
at PGNS, the mode may be Auto or Attitude Hold. Prior to PGNS controlled 
maneuvers the LGC will request the correct mode if it is not in effect. For manually 
controlked maneuvers the crew must select the correct modes. 


This program makes no provision for an attitude maneuver to return the vehicle to a 
specified attitude. Such a maneuver, if desired, must be done manually. An option is 
provided however to allow pointing of the AOT at astronaut or LGC selected stars 
either manually by the crew or automatically by an LGC controlled attitude 
maneuver. 


An option is provided to realign the {MU to the preferred, nominal, or landing site 
orientation without making celestial body sightings. 


Extended verbs shouid not be exercised during this program because of possible 
interference with the AOT Mark routine (R53). 
Sequence of Events: 
V37E52E 
Fiashing Option Code t(D QOO0OT IMU 


VO4NO6 Alignment Option 
0000 X 


{1—Preferred, 2—nominal, 3—REFSMMAT, 
4—landing site) 


V22E. Reload desired option. 
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P52 (continued) 
Landing Site option. 


PRO : 
Flashing Time of Landing OOXXX. h — § 
VO6EN34 000X xX. min z 
OXX.XXs 
V25E. Retoad desired janding time. 
PRO . 
Flashing Designated Landing Site Latitude XX.XXX deg (+ north) 
VO6N89 Designated Landing Site lL.ongitude/2 XX.XXX deg (+ east) 
Designated Landing Site Altitude XX X.XX nmi 


V25E. Load corrected landing site coordinates. 
PRO Go to Preferred option. 
Nominal option 


Fiashing OOXXX.h 
VO6N34 Time of Atignment 0OOXX. min 
OXX.XXs 


V25E. Load desired TALIGN 
PRO Go to Preferred option. 
Preferred, Nominal, or Landing Site options continue from this display. 


PRO 
Flashing tMU Gimbal Angles at Desired OGA XXX.XX deg 
VO6N22 Orientation IGA XXX.XX deg 
MGA XXX.XX deg 
To maneuver away from gimbal lock, maneuver with hand controller. 
V32E 
Flashing IMU Gimbal Angles at Desired OGA XXX.X X deg 
VOEN22 Orientation IGA XXX.XX deg 
MGA XXX.XX deg 
PRO 
Flashing Checklist Code 00013 
VS50N25 


Gyro Torque Only 
Mode Control: PGNS — Attitude Hold, V76E — minimum impulse,No DAP light on. 
ENTER 


V16N20 Present 1CDU Angles OGA XXX.XX deg 
IGA XXX.XX deg 
MGA XXX.XX deg 


when torquing complete 


Flashing Checklist Code 00014 
VSON25 
ENTER 
No fine alignment desired. 
Flashing Select New Program 
V3? 


Normal alignment and realignment 
PRO No Attitude light-on — then off 


Flashing Checktist Code 00015 
VS0ON25 


Select star acquisition mode. 
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PRO or V32E for 
Cursory Sp:ral 
Marking 


Flashing Code roa OOCDE 
VOIN70O 
C—-AQOT Detent 
O—COAS calibration (not altowed), 1—front left, 
2-front center. 3—front right, 4—right rear, 
5-—rear center, 6—rear jeft, 7—*ackup optical 
system—COAS 
OE —Celestial Body Code 
O0—Pianet, 01/45—star from code jist, 46—sun, 
4?7—earth, 50—moon. 


V21E. toad desired star code and detent. 


PRO If C=7, COAS to be used. 


Flashing Backup Optics LOS Azimuth XXX.XX deg 
VO6N78 Backup Optics LOS Elevation XXX.XX deg 


V24E. Load correct data. 


+E, +E for forward window 
+E, +90CCE, overhead window 


if DE = Q0 
Flashing Components of Celestial Body Unit MXKXXXX 
VOSN88 Vector XXXKKX 
XXXXX 
V2SE. Load desired vector components. 
if Cursor and 
Spirat Option 
Flashing 
VO6N79 Cursor Angle XXX.XX deg 
Sp:rai Angle XXX.XX deg 
Detent Code +0G00 X 
V32E 
Recycle to Flashing VO1N70 display above. 
or 
PRO 
Flashing \ 
VOIN?71 Code OCOCDE 


C-—AOT Detent 
O0—COAS calibration {not atlowed),t —front left, 
2-front center, 3—front right, 4—right rear, 
5—rear center, 6—rear left, 7—backup optical 
system—COAS 

DE —Celestial body code 
00—Planet, 01/45 star from code list, 
46-sun, 47—earth, 5G-—moon. 


lf DE = 00 
Flashing 
VOBN88 Components of Celestial Body XKXKX 
Unit Vector XKKXKX 
XKXKX 
Flashing 
V52N73 Code OOCDE 
Mark X/Cursor Counter XXXXX 
Mark Y¥/Spiral Counter XXXXX 


Position cursor, Mark X, or ROD switch pushed. 


PRO 
Flashing Cursor Angte XXX.XX deg 
V21N79 Spiral Angie XXX.XX deg 
Detent Code +0000 x 


(Definition of detent code, same as above in C position of 
N71 display) 


Enter current vatue of cursor angie or V22; enter current 
value of spirai angle. 


ses 


Flashin 


VO6N? Cursor Angle XXX.XxX deg 
Spiral Angle XKXX.XX deg 
Detent Code +0000X 
PRO 
Flashing Code OOC DE 
V53N71 Mark X/Cursor Counter XX XXX 
Mark Y/Spiral Counter XKXXXX 
Position spiral, Mark X or Mark Y, or ROD switch pushed. 
PRO 
Fiashing Cursor Angle XXX.XX deg 
V22N79 Spiral Angle XXX.XX deg 
Derent Code +0000X 
Enter current vaiue of spiral angle or V21; enter current 
value of cursor angle. 
PRO 
Program recycies to Flashing VS2N71 or VS3N/1 display as above. 
ENTER wil alternate VS52N71 or VS3N71 displays at this point. 
After second star marking is finished 
PRO 
Ftashing 
VO6ENO5 Display defined beiow. 
PRO 
Flashing Desired Automaneuver to FDAI Ball R XXX.XX deg 
V50N18 Angles P XXX.XX deg 
Y XXX.XX deg 
Manual Maneuver 
Mode Control: PGNS — Attitude Hold. Do manual maneuver. 
PRO 
Fiashing Desired Automaneuver to FDAI Ball R XXX.XX deg 
V50N 18 Angles P XXX.XX deg 
Y XXX.XX deg 
ENTER 
After maneuver complete 
Flashing Mark X or Y or ROD 
V54N71 Dispiay same as VO1IN71 above. 
MARK X 
V53N71 Mark Y or ROD. Display same as VOIN71 above. 
MARK Y 
V52N71 Mark X or ROOD. Display same as VO1N71 above. 


PRO Display same as VOEN?1 above. 
After second star 


Flashing Star Angie Difference 
VO6NO05 
V23E 
Recycle to start of program with flashing VSON25 display. 
{RE FSMMAT option) 
PRO 
Flashing Gyro Torque Angie 
VO6N93 
PRO 
Flashing Select New Program. 
V37 
V32E 


Recycle to part of program with flashing VSON25 display. 
(REFSMMAT option) 


N <x 


XXX.XX deg 


XX.XXX deg 
XX.XXX deg 
XX.XXX deg 
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er P57—-LUNAR SURFACE ALIGN PROGRAM 
@ ~~ purpose: 
ae 
i eee 1. While on the surface of the moon to align or realign the IMU to one of three types 
 Saevem of orientatrons: = 
Ke a i. a. Landing Site Orientation (Option 4) 
nk Be fe : = = ; = : 
4 & where: 
: The origin is the center of the moon. 
“ioe Ris = The position vector of the LM on the lunar surface at the most 
abe recently designated landing site and a time T(atign) selected by the crew. 
: Hcsm = The angular momentum vector of the CSM (Rcsm x Vcesm). 
a b. Preferred Orientation (Option 1) 
¥ An IMU orientation specified by the ground and loaded into the LGC by the 
ie | LGC Update program (P27). When such an orientation is joaded by the ground 
 Y the preferred orientation flag will be also set during P27. 


c. REFSMMAT (Option 3). 


Assumptions: 


1. There are several methods available to the crew for completing an IMU alignment. 
The resultant accuracy of the IMU to the specified desired orientation (that ts, that 
orientation defined by the final REFSMMAT) is dependent upon the mode of 
alignment which the crew selects. This selection will be dictated by the 
circumstances at the time of alignment. 


2. The LM has landed on the lunar surface. The LM yaw angle with respect to the 
inertial orientation of the IMU at landing was not constrained during landing. 


3. All possible efforts have been made by the crew to assure that the LM will not shift 
its position with respect to the tunar surface. No provision has been made to 
incorporate in the LGC any measurement of LM settling on the tunar surface. 
However, a shifting of the LM will result in a misaligned IMU only in the case where 
an alignment is made from a stored LM attitude with respect to the lunar surface 
(Technique Codes 00000 and 00001) and the 1MU is not subsequently atigned by 
reference to celestial badies and/or lunar gravity. 


4. The ISS its on and may be: 


i a. At an inertial orientation “unknown” to the LGC; that is, having been shut 
i down and restarted since landing without subsequent orientation determination. 


b. At an inertial orientation “known” by the LGC; that is, neither gimbal lock nor 
IMU power interruption has occurred since the tast IMU alignment or 
orientation determination. Therefore the present orientation differs from that 
stored in REFSMMAT only due to gyro drift and/or the initial misalignment of 
the IMU to the stored REFSMMAT. 


Tt fr Pa 


2 S. Extended verbs should not be exercised during the Lunar Surface Sighting Mark 
5 | routine (R59) because of possible interfererjce with the AOT Mark routine (R53). 
; 6. The LM attitude with respect to the lunar surface is available in LGC storage; that is, 


it witl have been stored by the Landing Confirmation program (P68). Once this 
attitude has been stored it will be preserved by the LGC until it is replaced by a 
more recent value. 


‘ 7. This program is selected by the astronaut by OSKY entry. it will normally be 
et selected to perform an alignment of the IMU immediately after landing on the Junar 
R, surface, prior to selection of the RR Lunar Surface Navigation program (P22), prior 


to AGS initralization, and approximately 15 minutes prior to ascent. This program 
may also be used to provide an IMU alignment in time-critical emergencies prior to 
ascent. 
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P57 (continued) 


8. The DAP should be off during gyro torquing by this program to preclude RCS jee 
firings due to realignment of the IMU causing attitude errors exceeding the 
maximum deadband. 


9g. Adetermination of the LM position vector while on the lunar surface (R LS) can be i 


accomplished only in conjunction with IMU alignment Technique 2 (using aAgT 
sightings on two celestial bodies). It is valid only if the lunar gravity vector has been 
previously defined during P57, using IMU alignment Technique 1 (using 
REFSMMAT or stored LM attitude and determination of lunar gravity vector) or 
Technique 3 (using single celestial body sighting and determination of lunar gravity 
vector). 


Sequence of Events: 
V37E57E 


PRO 


PRO 


Fiashing Option Code ID 00001 
VO4N06 Specify Align- 
ment mode 
Option Code 0O00X 


1—preferred, 2—nominat (not valid) 
3—REFSMMAT, 4—landing site 


V22E. Load desired option. 
Landing Site Only 


Flashing Time of Alignment OOXXX.h 
VO6EN34 000XX. min 
OXX.XXs 


V25E. Load desired alignment time. 
Preferred and RE FSMMAT 


Flashing Specify Alignment Technique 00010 
VOS5NO06 Alignment Technique O0000X 


O—prestored attitude, 1—prestored attitude +g 
2—two celestial bodies, 3—one celestial body +g 


DataCode O0O0C DO 


C=1 — REFSMMAT defined 

C=0 — REFSMMAT not defined 

D=1 — Stored LM attitude available 
D=0 — Stored LM attitude not available 


For alignment technique REFSMMAT +g or one celestial body +g. 


V16N20 Present ICDU Angle OGA +042.00 deg 
IGA +318.00 deg 
MGA +035.25 deg 


No Attitude and No DAP light on, then off twice. 


Flashing Angle Between Present and Stored XXKX.XX deg 
VO6NO4 Gravity Vector 


For Alignment technqiue stored or REFSMMAT Attitude or two celestial 
bodies and IMU not aligned. 


Flashing Desired {CDU Angles OGA XXX.XX deg 
VO6N22 IGA XXX.XX deg 
MGA XXX.XX deg 
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P57 (continued) 


PRO No Attitude light off 


For alignment techniques 
Two celestial bodies or one celestial body +g and IMU aligned. 


Flashing 
VO1N70 


Code 


C—AOT Detent 
O—COAS calibration (not allowed), 1~front left, 
2—front center, 3—front right, 4—right rear, 
5—rear center, 6—rear left, 7—backup optica! 
system — COAS 

DE—Celestial Body Code 
O0O— planet, 01/45—star from star code list, 
46—sun, 47—earth, 50—moon. 


V21€. Load desired star code and detent. 


For DE =O00 


Flashing 
VO6BN88 


PRO 


Flashing 
VO6BN79 


V32E 
To redefine star 


Flashing 
VO1N70 
PRO 


Flashing 
VO1N71 


PRO 


Flashing 
V52N71 
or 
V53N71 


To change V52N71 to V53N/71 or vice versa, key ENTER. 


Components of Celestial Body Unit 


Vector 


Cursor Angle 
Spiral Angle 
Position Code 


(Same as above VO1N/70.) 


Code 


Mark X/Cursor Counter 


Mark Y/Spiral Counter 


Code 


Mark X/Cursor Counter 


Mark Y/Spiral Counter 


x 


OOCDE 


XX XXX 
.XXXXX 
XKXXXKXX 


XXX.XX deg 
XXX.X X deg 


C000 x 


OOCDE 


OOCDE 
XXXXX 
XXXXX 


OOCDE 
XXXXX 
XXXXX 


For V52, position cursor and punch Mark X, Mark Y or click ROD switch. 
For V53, position spiral and punch Mark X, Mark Y or click ROD switch. 


For crew specified bodies, PRO repeats Flashing VO1IN/71 display. 
For LGC calculated angles, recycle (V32E). 


Flashing 
VOGN739 


Cursor Angle 
Spiral Angle 


Position Code 


XXX.XX deg 
XXX.XX deg 


O000X 


See ee ara Be 


PRO 


PRO 


PRO 
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P57 (continued) 


If atignment technique is two celestial bodies, repeat sequence starting with 
Flashing VQ1N70 display and then continue. if alignment technique is one 
celestial body and gravity continue. 


Flashing Star Angle Difference XXX.XX deg 

VO6NO5 

Flashing X Gyro Torquing Angle XX.X XX deg 

VO6N93 Y Gy.’o Torquing Angle XX.X XX deg 
Z Gyro Torquing Angle XX.XXKX deg 

Flashing Checklist Code 00014 

VS5ON25 


000t4—choose 
fine align or 
landing site 


determination 
PRO Recycles program to Flashing VO1N70 
ENTER 
Flashing Latitude XX.XXKX deg 
VO6N89 Longitude/2 XX.XXX dey 
Altitude XXX.XX nmi 
PRO 
Flashing Select New Program 
V37 
P63—BRAKING PHASE PROGRAM 
Purpose: 
1. To calculate the required time of DPS ignition {TtG) and other initial conditions 


required by the LGC for a PGNS-controiled, OPS-executed, braking phase of the 
powered landing maneuver. 


To provide option to fine align the IMU to an existing REFSMMAT. 


To align the LM to the thrusting ignition attitude. 


To control the PGNS during countdown, 


ignition, and thrusting of the Powered 
landing maneuver until HI gate. 


To indicate to the crew that H1 gate has been reached by automatic selection of the 
Approach Phase program {P64). 


Assumptions: 


ale 


The LM is on a descent coast orbit (Hohmann transfer) approaching the braking 
ignition point which is nominally 50,000 feet above the lunar radius at the 
designated landing site. The descent coast orbit is approximately coplanar with the 
CSM orbital plane. if the designated landing site is not in the descent coast plane at 
the nominal time of landing the plane change will be accomplished by the powered 
landing maneuver (Braking program, P63, and Approach program, P64). 


The CSM is in a near-circular orbit around the moon at a nominal aititude of 60 


nautical miles. The CSM is maintaining a preferred tracking attitude for optical 
tracking of the LM. 


The IMU is on and aligned to a landing site orientation defined for the designated 
landing site and the nominai time of landing (T(land)}, but should be fine aligned to 
this orientation as closely as possible prior to OPS ignition. The LM has not yet been 
aligned to the correct attitude for ignition for the powered tanding maneuver. 
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P63 (continued) 


The Landing Radar (LR) was energized, checked out, and made ready at LR 
Position No. 1 prior to selection of this program. Radar data will not be 
incorporated into the LM state vector until the astronaut sets the LR permit flag via 
V57E indicating he its satisfied with the quality of the data. VS8E will reset the LR 
permit flag. 


The Landing Analog Displays routine (R10) is enabled at DPS ignition and is 
terminated upon termination of Average G. The Powered Flight Designate routine 
(R29) is not enabled during the junar descent. 


The entire powered landing maneuver (braking,. approach, and fanding) will be 
accomplished using the DPS engine. 


The aim conditions for braking phase are stored in the LGC. 


The following parameters required by this program have been stored by the LGC 
since LGC initialization by erasable load. 


a. The LM and CSM state vectors. The LGC has updated these as required. No 


further state vector updates from any external source other than the LR will be 
accepted by this program. 


b. The nominal landing time at the designated landing site T (land) and the position 
RLS. Corrections to the landing site position Ris may be made by keying V21 
through V25 N69 and entering the appropriate correction. 


The DPS is not throttlable over the whole range (O to maximum). It must be 
operated either at maximum throttle or over a specific throttle range of lower 
settings. These throttle settings are total throttle settings; that is, the sum of the 
manual setting (whose minimum is about 10 percent) and the PGNS commanded 
setting. 


This program assumes the Throttle Control switch to be in Auto (the DPS receives 
the sum of the manualand PGNS commanded settings) and the manual throttle to 
be set at minimum for ZOOMTIME seconds of thrusting, and thereafter at a leve! 
less than that required by the LGC. The value ZOOMTIME is in erasable storage, 
having been loaded prior to launch or by P27. 


Due to the region of forbidden throttiing, thrust command logic in conjunction with 
the interim terminal conditions assures that the commanded throttle remains at 
maximum until the guidance equations first require it to be within the ailowable 
throttle range. Thereafter it shouid remain within the allowable throttle range. 


Furthermore, the DPS must be started in the fotlowing sequence: {1) +X axis 2-jet 
ullage for 7.5 seconds, (2) ignition at minimum throtiie, (3) ullage off 0.5 seconds 
after ignition, (4) ZOOMTIME seconds at minimum thrust, and (5) maximum 
throttle. The throttle setting then becomes controlled by the guidance equations. 


During the powered landing maneuver, the LGC will monitor the presence or 
absence of the Auto Stabilization discrete. This discrete is issued to the LGC when 
the Mode Control switch is in the Auto position. 


The LGC will also monitor the presence or absence of the Auto Throttle discrete. 
This discrete is issued to the LGC when the Thrust Control switch is in the Auto 
position. 


Should either of these discretes be interrupted during the powered landing 
maneuver, the LGC assumes that it no longer has complete automatic control of the 
maneuver. 


The monitor and the associated LGC fogic is tncfuded in the Landing Auto Modes 
Monitor routine {R13) which will be called by this program. 


The LGC car be forced to ignore the absence of the Auto Throttle discrete and 
continue issuing normal throttle commands by setting the CHANBACKUP location 
(0374) in the computer to 0001 Xg. This location can only be set by astronaut or 
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P63 (continued) 


= 


The X-axis override option provides the crew with the ability to exercise many 
control about the LM X axis with the attitude controiier even though the PGN 
Mode Control switch ts in Auto. When the controller is returned to detent the 
PGNS damps the yaw rate, stores the yaw attitude when the yaw is damped, and 
then maintains that attitude. 


The X-axis override option is avaijable to the crew (until the estimated altitude ig 
below 30,000 feet}; however, it shouid not be exercised when the LGC is specifying 
a desired yaw attitude; that is, during the attitude maneuver to the thrusting 
attitude. The option is inhibited by this program from midway in the program to the 
end. 


The LGC specifies LM attitude during the powered landing maneuver based upon 
the requirements of thrust vector control, janding site vis:bijity, and LR orientation. 
After DPS ignition, thrust vector control is required through the remainder of this 
program. The ianding site becomes visible at the beginning of the approach phase. 


Thrust vector control does not constrain the LM orientation about the thrust axis 


(yaw attitude). Rotation about the LM Y and LM Z axes is used to point the 


measured thrust vector along the desired thrust vector. 


The first restraint upon the LM yaw attitude to occur is that of LR orientation. Fhe 


LGC will not attempt to use LR data until the LGC estimation of altitude is 50,000. = 


feet. Automatic X-axis override lockout and yaw attitude specification by the LGC 


will not occur until the LGC estimated altitude is 30,000 feet. Before this time, the ~ 
astronaut must maneuver to a roughly-window-up yaw orientation to prevent | 
subsequent loss of S-band lock-on. The L.GC will then command the vehicle to the 


LGC-specified yaw attitude. 


Subsequent to X-axis override fockout, contro{ of the vehicle about the LM X axis is 
governed by LR ortentation requirements during this program. The landing site 
becomes visible to the command pitot rf the ’’look’’ angle (the angie between the LM 
-X axis and the LOS to the ijanding site) is greater than 25 degrees and the LOS 1s in 
or near the LM X/Z plane. 


At any time during P63 or P64, the magnitude of the look angle and the orientation 
of the look angle plane (that plane containing the LOS and the tM X axis) are 
defined by the inertial orientation of the LM X axis and the position of the LM with 
respect to the landing site. 


The crew has the capability to display LGC calculated values of forward velocity, 
lateral velocity, altitude, and altitude rate on certain t.M meters during this program. 
The calculations of these parameters is under the control of the Landing Analog 
Displays routine. 


The crew can select a display of the LGC computed throttle setting by keying V16 
N92. 
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P63 (continued) 


—_— 


The Rate of Descent (ROD) mode is not enabled during this program. 


An abort from the lunar descent may be required at any time during the descent 
orbit injection, the descent coast, or the powered descent {P63), (P64}, or (P66). 


For aborts after DPS ignition for the powered tanding maneuver, time is criticaf. 
During this period an abort is nominally commanded by pushing one of two buttons 
in the LM. The abort may be commanded to use the descent stage (Abort button) or 
the ascent stage (Abort Stage button). if the descent stage is selected, and the DPS 
__propeltant approaches exhaustion, control must be switched to the ascent stage by 
the crew by ascent stage selection (Abort Stage button). 


During the powered landing maneuver, the LGC will continuously monitor the 
Abort and Abort Stage discretes, and upon receipt of either will terminate the 
program in process and call the appropriate abort program {OPS Abort program 
(P70) or APS Abort program (P71)). Both abort programs wil! guide the LM toan 
acceptable orbit. 


The monitor of the Abort and Abort Stage buttons is controlled by the Abort 
Discretes Monitor routine (R11) which will be enabled by this program. 


This step can be locked out by setting the CHANBACKUP location (0374) in the 
computer to O0OX1g. This location can only be set by astronaut or ground loading 
and is not changed by Fresh Start or Restart. 


If a thrusting maneuver is performed with the Guidance Control switch in PGNS and 
the Mode Control switch in Auto. the PGNS controls the total vehicle attitude and 
generates either Mode 1 or Mode 2 attitude errors for display on the FOAI. The 
cfew may exercise control about only the yaw axis with the ACA {X-axis override} 
provided the X-axis override capability is permitted. 


If a thrusting maneuver is performed with the Guidance Control switch in PGNS and 
the Mode Control switch in Attitude Hold, the PGNS holds the vehicie attitude 
and generates either Mode 1 or Mode 2 attitude errors for display on the 
FDA. The crew may exercise manual control about all vehicle axes with the ACA 
using either the Rate Command or Minimum 'tmpulse mode. However, it is strongly 
recommended that powered flight not be attempted in the Minimum !mpulse mode. 


Ouring a thrusting maneuver in the PGNS/Attitude Hold mode the astronaut is 
responsible for maintaining small enough attitude errors to achieve guidance 
objectives. 


Control of LM DPS, RCS, and APS is transferred from PGNS to the Abort 
Guidance System {AGS) by changing the Guidance Control switch from PGNS to 
AGS. 


The AGS wili be capable of taking over control of the { M during any portion of the 
lunar descent or ascent or during either of the abort programs (P70 or P71). The 
AGS wil! guide the _M toa safe orbit. 


The AGS may be initialized by the t_GC at any time by manua? selection of the AGS 
initialization routine (R47). However, it is not recommended that the AGS be 
initialized during powered flight because DAP attitude control is interrupted during 
the CDU zero part of the routine. 


In the event that the Guidance Control switch is changed from PGS to AGS during 
a thrusting maneuver, the LGC wiil continue computation of position and velocity, 
the desired thrust vector, and the desired attitude errors. 


The PGNS generates two types of errors for display on the FDAI as selected by the 
astronaut. 


a. Mode 1—Selected by Verb 61. Autopilot following errors used as a monitor of 
the DAP's ability to track automatic steering commands. 


b. Mode 2 — Selected by Verb 62. Total attitude errors used to assist the crew in 
matualiy maneuvering the vehicle. 
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P63 (continued) 


The event timer was set prior to selection of this program to coupt to zero oa y 
BRAK based on a time from ignition provided by the ground. 


The Load DAP Data routine (RO3) has been performed prior to selection of this 
program. At that time the OPS engine gimbal should have been driven to the correg 
trim position. 

During OPS burn only, the pitch-roll RCS jet autopilot (U and V jets) may be 
disabled (V65E) or enabled (V75) by Extended Verb as shown. This capability jg 
intended to be used to prevent LM and descent stage thermal constraint violations 
during CSM-docked OPS burns {P40). The capability exists during P70 algo 
Performance of FRESH START (V36E) will always enable the pitch-roll jets. . 


This program is selected by the astronaut by DSKY entry. It should be seiecteg ae 
least 20 minutes before the nominal time of ignition for the powered landing 
maneuver (T BRAK). 


Engine ignition may be slipped beyond the established TIG tf desired by the crew o 
if state vector integration cannot be completed in time. 


Two alarm conditions may be originated by the PGNS powered landing equations: 


a. If subroutine ROOTSPRS in the RG/VG calculation fails to converge in 8 
the LGC will turn on the Program Alarm light, store Alarm Code 1406, and go 
immediately to the final Automatic Request routine (ROO). This alarm can occur 
only in P63 or P64. 


b. {f an overflow occurs anywhere in the landing equations the LGC will turn on 
the Program Alarm light, store Alarm Code 1410, stop all vehicle attitude rates, 
and continue. This alarm can occur only in P63, P64, or P66. 


This program allows manual control of LM attitude and the selection of P66. 


Ouring P63 (P64) the astronaut can display the PGNS total guidance error on the 
FOAI error needles (Attitude Monitor switch in PGNS) by having keyed in V62E 
through the DSK Y. He can then steer out the PGNS P63 attitude efrors with the 
PGNS manually (Guidance Control switch in PGNS and the PGNS Mode Con- 
trol switch in Attitude Hold); or automatically (PGNS Mode Control switch in 
Auto); or with the AGS manually (Guidance Control switch in AGS and the AGS 
Mode Control switch in Attitude Hold). 


NOTE: If the astronaut hits the ROD (Rate of Descent) switch while the PGNS 
Mode Control switch is in Attitude Hofd, the LGC will irrevocably transfer him out 
of the automatic guidance program modes (P63 and P64) into the.ROO 
program (P66). 


Sequence of Events: 


V37E63E 
Flashing Time to Go in Braking Phase XXboXX min/s 
VO6N61 Time from ignition XXbXX min/s 
Crossrange Distance XXXX.X ami 
(+ Landing Site 
north of S/C) 
N33E 
Flashing Time of Ignition OOXXxX. h 
VO6N33 G00 XX. min 
OXX.XXs 


KEY REL 
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PRO 
Flashing Desired Automaneuver F DAI Ball 
V50N 18 Angles 
Automaneuver: Guidance Control — PGNS 
Mode Control ~ PGNS, Auto 
PRO 


VO6EN 18 Desired Automaneuver to FDAI Ball 
Angles 


Monitor maneuver to previous angles displayed. 


Flashing Desired Automaneuver to FOAt Bal! 
V50N18 Angles 


ENTER 


VO6BN62 Absolute Value of Velocity 
Time from Ignition 
Delta V accumulated 


Time from ignition keeps counting down until TIG - 35 seconds. 
5 seconds and VOGN62 display returns at TIG -30 seconds. 


VO6N62 Absolute Value of Velocity 
Time from Ignition 
Delta V Accumulated 


T1G - 5 seconds. 


Flashing (Same as above display} 
V9SN62 

PRO Astronaut okays ignition. 
Flashing Delta Altitude 


VO6N63 Altitude Rate 
Computed Altitude 


At approximately 42,000 feet computed altitude, ALT and VEL lights — Off. 


V57E At approximately 40,000 feet computed altitude. 


VO6EN63 Deitta Ajtitude 
Altitude Rate 
Computed Altitude 


At approximately ignition +9:30, P64 automatically entered and P64 displayed. 


R XXX.XX deg x 
P XXX.XX deg % 
R XXX.XX deg : a 
P XXX.XX deg . 
Y XXX.XX deg Bi 
R XXX.XX deg 
P XXX.XX deg 
Y XXX.XX deg 


XXXX.X ft/s 
XXbXX min/s 
XXXX.X ft/s 


DSKY blanks for 


XXXX.X ft/s 
XXbXX min/s 
XXXX.X ft/s 


XXXX.X ft 
XXXX.X ft/s 
XXXXX. ft 


XXXXX. ft 
XXXX.X ft/s 
XXXXX. ft 
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P64—APPROACH PHASE PROGRAM 


— 


Purpose: 
1. To control the PGNS during the thrusting of the powered landing maneuver 
between HI gate and LO gate. 
2. Tocontroi the DPS thrust and attitude between HI gate and LO gate. 
3. To provide the crew with the capability of redesignating the landing site to which 


the PGNS is guiding the LM. 


Assumptions: 


| 


2 


i? 
1 # 


The LM is on the powered landing descent between HI gate and LO gate 


The CSM is in a near circuiar orbit around the moon at a nominal altitude of 
nautical miles. The CSM is maintaining a preferred tracking attitude for optical 
tracking of the LM. 


The Landing Radar (L&R) is on, checked out. and should have been providing to the 
LGC velocity and range information with respect to the moon. This information 
should have been incorporated into the LM state vector. The LGC/LR operation is 
under the controi of the Descent State Vector Update routine (R12) which js 
already in process. 


The entire powered landing maneuver (braking, approach, and landing) will be 
accomplished using the OPS engine. 


The aim conditions (LO gate) for the approach phase are stored in the LGC. 


The LM state vector has been stored in the LGC since initialization by ERASABLE 
register joad. The LGC has updated this as required during thrusting. No further 
state vector updates from any source other than the LR will be accepted by this 
Program. 


The OPS is not throttlable over the whole range from O to maximum. tt must be 
operated either at maxirrium throttle or over a specific throttle range of lower 
settings. These throttle settings are total throttle settings; that is, the sum of the 
manual setting (whose minimum ts about 10 percent) and the PGNS commanded 
setting. 


This program assumes the Throttle Control switch to be in Auto (the DPS receives 
the sum of the manual and PGNS commanded settings) and the manuat throttle to 
be set at a level jess than that required by the LGC. 


Nominally, if the Approach Phase program is completed without any redesignation 
of the landing site {see Assumption 10), the throttle will remain within the allowable 
throttle range throughout the phase. Excessive target redesignations during this 
program, however, may resuit in required throttle excursions outside the allowable 
range. In such cases the LGC will command maximum throttie for at least 2 seconds, 
and until the required throttle setting returns to the permitted throttle region. 


During the powered landing maneuver, the LGC will monitor the presence or 
absence of the Auto Stabilization discrete. This discrete is issued to the LGC when 
the Mode Control switch is in the Auto position. 


The LGC will also monitor the presence or absence of the Auto Throttle discrete. 
This discrete is issued to the LGC when the Thrust Control switch is in the Auto 
position. 


Should either of these discretes be interrupted during the Powered landing 
maneuver, the LGC assumes that it no longer has complete automatic control of the 
maneuver. 


The monitor and the associated LGC logic is included in the Landing Auto Modes 
Monitor routine (R13) which is already in process. 


The LGC can be forced to ignore the absence of the Auto Throttle discrete and 
continue issuing normal throttle commands by setting the CHANBACKUP location 
(0374) in the computer to 0001Xg. This location can only be set by astronaut or 
ground loading and is not changed by Fresh Start or Restart. 
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P64 (continued) 


10. Ouring most of the approach phase, the LGC provides the crew with the option to 


11. 


12: 


13. 


14, 


redesignate the landing site to which the PGNS is guiding the LM. This option is 
catled the Landing Point Designator (LPO) mode. The PGNS Mode Control switch 
must be in Auto for the ACA to function as a landing site redesignator. 


Fhe landing point redesignation, if exercised, is based upon visual assessment of the 
lunar terrain with respect to the presently designated landing site. During the LPD 
mode the present landing site is displayed on the DSKY in terms of coordinates on 
the LPD sighting grid on the left hand LM window {LPD angle). Landing site 
redesignations are manually put into the computer via the attitude controller on an 
incremental basis; that is, a limit switch actuation in the attitude controller causes 
the LGC to redesignate the landing site at a fixed angular increment {1 degree in 
elevation, 1 degree in azimuth) from the present LM/landing site. The appiicabie 
attitude controller polarities are: 


a. -Pitch Rotation gives -LPD Elevation (new site beyond present site). 
b. +Pitch Rotation gives +LPD Elevation (new site short of present site}. 
c. +Roll Rotation gives +LPD Azimuth (new site to right of present site}. 
d. -Rol! Rotation gives -LPD Azimuth (new site to left of present site). 


The initial maneuver of the approach ohase is the LM attitude transition from the 
LM attitude at the start of P64 to a satisfactory attitude for landing site visibility. 
After the completion of this maneuver the LM attitude is constrained by thrust 
pointing requirements and is controlled about the thrust axis so as to maintain the 
current landing site in the LM X-Z piane. The conditions achieved at the start of 
P64 should be such that the thrust pointing requirements of the approach phase will 
yield satisfactory visibility and radar orientations. 


The landing site becomes visible to the command pilot if the “look” angle (the angle 
between the -X LM axis and the LOS to the landing site) is greater than 25 degrees 
and the LOS is in or near the LM X-Z piane. 


At any time during P63 or P64, the magnitude of the look angle and the orientation 
of the look angle plane (that plane con*eining the LOS and the LM X axis) are 
defined by the inertial orientation of the LM X axis and the position of the LM with 
respect to the landing srte. 


The inertial orientation of the LM X axis is controlled by requirements of thrust 
vector control. The orientation of the LM windows with respect to the look angle 
plane is controtied by rotation of the vehicie about the LM X axis. 


The crew has the capability to display LGC caiculated values of forward velocity, 
lateral velocity, altitude, and altitude rate on certain LM meters during this program. 
The calculation of these parameters is under contro! of the Landing Analog Display 
routine which is already in process. 


The Rate of Descent (ROD) mode is not enabled during this program. 


An abort from the lunar descent may be required at any time during the descent 
orbit injection, the descent coast, or the powered descent (P63), (P64), or (P66). 


for aborts after DPS ignition for the powered janding maneuver, time is critical. 
During this period an abort is nominally commanded by pushing one of two 
buttons in the LM. The abort may be commanded to use the descent stage (Abort 
button) or the ascent stage (Abort Stage button). tf the descent stage is selected, and 
the DPS propellant approaches exhaustion, control must be switched to the ascent 
stage by the crew by ascent stage selection (Abort Stage button). 


During the powered landing maneuver the LGC wili continuously Monitor the Abort 
and the Abort Stage discretes, and upon receipt of either wiil terminate the program 
in process and call the appropriate abort prograrn (DPS Abort program (P70) or APS 
Abort program {P71)}. Both abort programs will guide the LM to an acceptable 
orbit. 


Monitoring the Abort and Abort Stage buttons is controlled by the Abort Discretes 
Monitor routine (R11) which is already in process. 


This step can be locked out by setting the CHANBACKUP location (0374) in the 
computer to 000X1g. This location can only be set by astronaut or ground joading 
and is not changed by Fresh Start or Restart. 
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P64 (continued) 


If a thrusting maneuver ts performed with the Guidance Control switch in PGNS and 
the Mode Control switch in Auto, the PGNS controls the total vehicle attitude and 
generates either Mode 1 or Mode 2 attitude errors for display on the FDAI. The 
crew may exercise control about only the yaw axis with the ACA (X-axis override) 
provided the X-axis override capability is permitted. 


If a thrusting maneuver is performed with the Guidance Control switch in PGNS and 
the Mode Control switch in Attitude Hold, the PGNS holds the vehicle attitude 
and generates either Mode 1 or Mode 2 attitude errors for display on the FOAI. The 
crew may exercise manual contro! about atl vehicle axes with the ACA using either 
the Rate Command or Minimum !mpultse mode. However, 't is strongly recom- 
mended that powered flight not be attempted in the Minimum Impulse mode. 


Control of the LM DPS, RCS. and APS is transferred from the PGNS to the Abort 
Guidance System (AGS) by placing the Guidance Contro! switch from PGNS to 
AGS. 


The AGS wild be capable of taking over control of the {M during any portion of the 
lunar descent or ascent or during either of the abort programs (P70 or P71}. The 
AGS will guide the LM to a safe orbit. 


The AGS may be initialized by the LGC at any time during this program by manual 
selection of the AGS initialization routine (R47). However, it is not recommended 
that the AGS be inrtialtzed during powered flight because DAP attitude control iS 
interrupted during the CDU zero part of the routine. 


In the event that the Guidance Control switch is changed from PGNS to AGS during 
a thrusting maneuver, the LGC will continue computation of position and velacity, 
the desired thrust vector, and the desired attitude errors. However, the PGNS will 
not be responsible if register overflows occur within the LGC. 


The PGNS generates two types of errors for display on the FDAI as selected by the 
astronaut: 


a. Mode 1—Selected by Verb 61. Autopilot following erzors are used as a monitor 
of the QAP’s ability to track automatic steering commands. 


b. Mode 2—Selected by Verb 62, Total attitude errors used to assist the crew in 
Mmanuatly maneuvering the vehicle. 


18. The Load DAP Data routine {(RO3} has been performed prior to the start of the 


19. 


21. 


22. 


powered landing maneuver and should not be required during this program. 


This program is automatically selected by the Braking Phase program (P63) at the 


completion of the P63 aim conditions. 


Two alarm conditions may be originated by the PGNS powered landing equations: 


a, tf Subroutine ROOTSPRS in the RG/VG calculation fails to converge in 8 
passes the LGC will turn on the Program Alarm light, store Alarm Code 1406, 
and go immediately to the Final Automatic Request routine (ROO). This afarm 
can occur only in P63 or P64. 


b. if an overflow occurs anywhere in the landing equations the LGC will turn on 


the Program Alarm fight, store Alarm Code 1410, stop all vehicle attitude rates, 
and continue. This alarm can occur only in P63, P64, or P66. 


This program allows manual control of the LM attitude. if manual control is desired, 
put the PGNS Mode Control switch in Attitude Hold and use the ACA to control 
the LM attitude. 


If P66 is desired, click the ROO switch while the PGNS Mode Control switch is in 
Attitude Hold. The ACA does not redesignate the landing site while the Mode 
Control! switch is in Attitude Hold. To use the ACA to redesignate the landing site, 
put the Mode Control in Auto and rotate the ACA in the desired direction. 


NOTE: Landing Stte Redesignation must be completed before P66 is selected 
because P64 cannot be reentered once it has been exited. 


The crew can select a display of the {GC computed throttie setting by keying V16 
NQ2. 
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a P64 (continued) 


Secpuence of Events: 


Fiashing Time Left for Redesignations/LPD Angle 
VO6N64 Altitude Rate 
Computed Altitude 


Manual Throttle Control 
TTCA — Advance until thrust = 10%, throttle control — MAN 
VIEN92E 


Flashing Percent of Full Thrust (10,500 Ib) 
V16N92 Altitude Rate 


To return to auto throttle 
Throttle Contro! — AUTO 
TTCA — minimum position 


KEY REL 


Fiashing Same display as above. 
VO6N64 


Manual Attitude Check 
Mode Control (PGNS — Attitude Hold) 


To use Landing Point designator 
Verify Mode Control PGNS — AUTO 


PRO 


VO6EN64 Time Left for Redesignations/LPD Angle 
Aititude Rate 
Computed Altitude 


XXbXX s'deg 
XXXX_X ft/s 
XXXXX. ft 


OO XX X % 
XXXX.X ft/s 
KK XXX. ft 


XXbXX s/deg 
XXXX.X ft/s 
XX XXX. ft 


Redesignate landing site as described (+ pitch redesignates landing site toward 
LM by 1 degree) (+ roll redesignates new site to right of present site by 1 degree 


in azimuth.) VOGN64 changes the elevation LPD angie accordingly 


Manual Rate of Descent Control 


PGNS — .4ttitude Hold. Activate ROO switch. Automatic Transfer to P66. 


Automatic Transfer to ROD Control 


When time remaining is zero — Automatic transfer to P66 occurs 
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P66—LANDING PHASE (ROD) PROGRAM 


Purpose: 

1. To modify the rate of descent of the LM (with respect to the lunar surface) in 
response to astronaut originated inputs via the LM Rate of Descent (ROD) switch to 
the LGC. 

2. To modify the inertial attitude of the LM in response to astronaut Originated inputs 
via the attitude controller only if the Mode Control switch is in Attitude Hold. 

3. To null the forward and lateral surface velocities of the LM when the Mode Control 
switch is in Auto and still respond to the Rate of Descent (ROD) switch inputs. 

4. To update the LM state vector with vehicle acceleration and Landing Radar (LR) 


data. 


Assumptions: 


Is 


2. 


10. 


The LM is in the late stages of landing, with a low inertial velocity. 


The Landing Radar (LR) is on, checked out, and providing to the LGC velocity and 
range information with respect to the moon. This information has been incorporated 
into the LM State Vector. The LGC/LR operation is under the control of the 
Descent State Vector Update routine (R12) which is already in process. 


The entire powered landing maneuver (braking, approach, and landing) will be 
accomplished using the DPS engine. 


The LM State Vector has been stored in the LGC since initializatton by erasable 
register load. The LGC has updated this as required during thrusting. No further 
state vector updates from any source other than the LR will be accepted by this 
program. 


The DPS is not throttlable over the whole range from O percent to maximum. It must 
be operated either at maximum throttle or over a specific throttle range of lower 
settings. These throttle settings are total throttle settings; that is, the sum of the 
manual setting (whose minimum is 10 percent) and the PGNS commanded setting. 


This program assumes the Throttle Control switch to be in Auto (the DPS recetves 
the sum of the manual and PGNS commanded settings) and the manual throttle to 
be set at a level less than that required by the LGC. 


Nominally the throttle will remain within the allowable throttle range through this 
program. 


During the powered landing maneuver, the LGC will monitor the presence or 
absence of the Auto Stabilization discrete. This discrete is issued to the LGC when 
the Mode Control switch is in the Auto position. 


in the Auto Stabilization mode, the PGNS will operate to null the forward and 
lateral surface velocities by controlling the inertial attitude of the spacecraft. 


in the Attitude Hold mode, the LGC will hold an inertial attitude. However, the 
attitude may be changed by manual control via the attitude controller. 


The LPD option is not provided to the crew during this program. 


The crew can display LGC calculated value of forward velocity, tateral velocity 
altitude, and altitude rate during this program. The calculation of these parameters is 
under the control of the Landing Analog Displays routine (R10) which is already tn 
process. 


During this program the LGC monitors the output of the Rate of Descent (ROD) 
switch in the LM. This switch is operated by the astronaut in response to his 
assessment of the present LM rate of descent based on out-of-window references and 
LM/DSKY displays. : 


Switch operation is on an incremental basis: - (increase ROD) or+ (decrease ROD}. 
Each command results in an LGC—commanded change of “ROD SCALE” in LM 
rate of descent. (ROD SCALE is a value toaded into erasable storage prior to flight. 
Presently 1 foot per second.) 


An abort from the lunar descent may be required at any time during descent coast 
or powered descent (P63, P64. or P66). 
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P66 (continued) 


—_— 


For aborts after DPS ignitton for the powered tanding maneuver, time is critical. 
Durtng this period an abort is commanded by pushing one of two buttons in the LM. 
The abort may be commanded to use the descent stage (Abort button) or the ascent 
stage (Abort Stage button). If the descent stage is selected, and the DPS propellant 
approaches exhaustion, control must be switched to the ascent stage by the crew by 
ascent stage selection (Abort Stage button) 


During the powered landing maneuver, the LGC will continuously monitor the 
Abort and Abort Stage discretes, and upon receipt of either will terminate the 
Program in process and call the appropriate abort program (OPS Abort program 
(P70) or APS Abort program (P71)). Both abort programs will guide the LM to an 
acceptable orbit. 


Monitoring the Abort and Abort Stage buttons is controlled by the Abort Discretes 
Monitor routine (R11; which is already in process. 


This step can be locked out by setting the CHANBACKUP location (0374) in the 
computer to OOOX1g. This location can only be set by astronaut or ground loading 
and is not changed by Fresh Start or Restart. 


If a thrusting maneuver is performed with the Guidance Controi switch in PGNS and 
the Mode Control switch ts: Attitude Hold, the PGNS will hold the vehicle attitude 
and will generate either Mode 1 or Mode 2 attitude errors for display on the FOAI. 
The crew may exercise manual attitude control about all vehicle axes with the ACA 
in either the Rate Command or Minimum tmpulse mode. It is strongly recom- 
mended that powered flight not be attempted in the Minimum Impulse mode. 


The LGC is not permitted to compute body rates via R60 during this program. The 
attitude will always be available for astronaut display so that they are aware of the 
impending S/C motion when switching from Attitude Hold to Auto. 


Control of the LM OPS, RCS, and APS its transferred from the PGNS to the Abort 
Guidance System (AGS) by placing the Guidance Contro) switch from PGNS to 
AGS. 


The AGS wil be capable of taking over control of the LM during any portion of the 
lunar descent or ascent or during either of the abort programs (P70 or P71}. The 
AGS will guide the LM to a safe orbit. 


The AGS may be inittalized by the LGC at any time by manual selection of the AGS 
|nittalization routine (R47). However, :t is not recommended that the AGS be 
initialized during powered flight because DAP attitude control ts interrupted during 
COU Zero in that routrne. 


In the event the Guidance Control switch is changed from PGNS to AGS during a 
thrusting maneuver, the LGC will continue computation of position and velocity, 
the desired thrust vector, and the desired attitude errors; however, the PGNS wit 
not be responsible if register overflows occur within the LGC. 


The Load DAP Data routine (RO3) has been performed prior to the start of the 
powered janding maneuver and should not be required durrng this program. 


This program is automatically selected by the Landing Auto Modes Monitor routine 
(R 13) during the powered landing maneuver when: 


a. The targeted conditions for P64 are met (either automatically or astronaut 
flown). 


b. When the Rate of Descent (ROD) switch is activated by the astronaut after P63 
throttle up in Attitude Hold. 


Once this program has been selected it is no longer possrble to return to the 
completely automatic powered landing programs (P63 or P64). 


The crew has the capability to select a display of the | GC computed throttle setting 
by keying in V16N92 
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P66 (continued) 


—_ 


Sequence of Events: 


Flashing Forward Velocity 
VO6BN60 Altitude Rate 
Computed Altitude 


Use ROD switch as desired. 

To manually nut! forward and lateral velocities 
Mode Control: PGNS — Attitude Hold 
Forward (pitch) and lateral (rott) cross pointers 
Manual Throttle 


TTCA — Advance until thrust = 10% 
Throttle Control — Manual 


V16N92E 
Flashing Percent of Full Thrust 
VIEN92 Altitude Rate 
Altitude 


To return to auto throttle 
Throttle Control — Auto 


TTCA ~ minimum position 


KEY REL 


Flashing Forward Velocity 
VO6EN60 Altitude Rate 
Computed Altitude 


At height actual = 5.6 ft., lunar contact light — ON 
ENGINE STOP—PUSH 


PRO 
ENGINE ARM—OFF 


— 


XXXX.X ft/s 
XXXX.X ft/s 
XXXXX. ft 


OO XX X% 
XXXX.X ft/s 
XXXXX, ft 


XXXX.X ft/s 
XXXX.X ft/s 
XXXXX. ft 
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P68—LANDING CONFIRMATION PROGRAM 


Purpose: 
1. To terminate tanding program and DAP functions. 
2. To initialize the LGC for lunar surface operation. 


3. To permit the astronaut to prevent RCS jet firings on the lunar surface. 


Assumptions: 


1. This program is selected by the astronaut by OSKY entry. /t is to be setected only 
after the LM has landed on the lunar surface (Program P66). 


2. V37E68E selection of P68 wil! terminate Average G and command the engine off 
{see ROO). 


3. The setection of this program places the DAP in the Minimum tmputse mode. As 
tong as the astronaut keeps the mode control in Attitude Hold, RCS jet firings will 
not occur, even while the platform is being torqued lin P57). 


4. This program will not shut off the DAP. However, the attitude errors are zeroed and 
the maximum deadcband is set. No jet firings should resuit until one of the following 
occurs in sufficient magnitude to cause the attitude errors to exceed the deadband: 


a. 
b. 
Cc. 
d. 


The moon rotates, 

The LM shifts on the tunar surface, 

The IMU gyros are torqued for alignment by P57, 
The IMU drifts. 


The DAP may be shut off by setting the Mode-Control-PGNS switch to Off. 


Sequence of Events: 


V37E68E 
Flashing Latitude XXX.XX deg (+ sorth) 
VO6N43 Longitude XXX.XX deg (+ east) 
Aftitude XXXX.X nmi 
PRO 
V76E, Mode Control (PGNS)—Attitude Hold, No DAP light on. 
Flashing Select New Program. 
V37 


P70—OPS ABORT PROGRAM 


Purpose: 


1. To control a PGNS controlted DPS abort from the powered landing maneuver 
(P63, P64, or P66} when required. 


Assumptions: 
1. This program will controt a OPS abort in one of two ways: 


a. tf the altitude is greater than 25,000 feet, this program will command maximum 
OPS throttle, continue DPS thrusting, perform an attitude maneuver (using the 
RCS) to the correct attitude to continue the abort ascent, and complete the 
abort ascent to insert the LM irto an abort orbit. 


b. ff the altitude is less than 25,000 feet, this program will command maximum 
OPS throttle and enter a vertical rise phase which will terminate either when the 
LM altitude exceeds 25,000 feet or when both of the following conditions are 
met: the LM Y axis is within 5 degrees of the desired pitchover axis and the LM 
vertical velocity is greater than 40 ft/s. 


During the vertical rise phase, the vehicie is maneuvered to align the LM +X axis 
with the local vertical {using the RCS), and the LM +Y axis normal to the 
anticipated pitch maneuvers plane. The program will then pitch the LM to the 
correct attitude for ascent and complete the abort ascent to insert the LM into an 
abort orbit. 


10. 
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P70 (continued) 


The LM ts on the powered landing descent somewhere between DPS iginition for the 
maneuver (P63) and DPS shutdown on the lunar surface (P66). 


The CSM is in a near circular orbit around the moon at a nominal altitude of 60 
nautical miles. The CSM is maintaining a preferred tracking attitude for optical 
tracking of and RR tracking by the LM. 


The IMU is on and accurately aligned to the landing orientation. 


The Landing Radar (LR) is on and was checked out when in Position No. 1. The 
LGC/LR operation is under the control of the Descent State Vector Update routine 
(R12). 


The Landing Analog Displays routine (R10) is enabled upon entry to this program, 
having been enabled by P63. R10 use of RR CDU's is inhibited by this program. 
R29 is enabled after completion of the vertical rise phase (if any). R10 and R29 are 
terminated upon termination of Average G. 


The DPS is not throttlable over the whole range from zero to maximum. It must be 
Operated either at maximum throttle or over a specific throttle range of lower 
settings. These throttle settings are total throttle settings; that is, the sum of the 
manual setting (whose minimum is 10 percent) and the PGNS commanded setting. 


This program assumes the Throttle Control switch to be in Auto (the DPS receives 
the sum of the manual and PGNS commanded settings) and the manual throttie to 
be set at a level less than that required by the LGC. The LGC will command 
maximum throttle for all OPS thrusting controlled by this program. 


tf a thrusting maneuver is performed with the Guidance Control switch in PGNS and 
the Mode Control switch in Auto, the PGNS controls the total vehicle attitude and 
generates either Mode 1 or Mode 2 attitude errors for display on the FDA!. The 
crew may exercise control about only the yaw axis with the ACA (X-axis override) 
provided the X-axis-override capability is permitted. 


If a thrusting maneuver is performed with the Guidance Control switch in PGNS and 
the Mode Control switch in Attitude Hold, the PGNS holds the vehicle attitude 
and generates either Mode 1 or Mode 2 attitude errors for display on the FDAI. The 
crew may exercise manual control about all vehicle axes with the ACA using either 
the Rate Command or Minimum Impulse mode. However, it is strongly recom- 
mended that powered flight not be attempted in the Minimum Impulse mode. 


Control of the LM OPS, RCS, and APS is transferred from the PGNS to the Abort 
Guidance System {AGS) by placing the Guidance Control switch from PGNS to 
AGS. 


The AGS will be capable of taking over control of the LM during any portion of the 
lunar descent or ascent or during either of the abort programs {P70 or P71). The 
AGS will guide the LM to a safe orbit. 


The AGS may be initialized by the LGC at any time by manual selection of the AGS 
Initialization routine (R47). 


In the event that the Guidance Control switch is changed from PGNS to AGS during 
a thrusting maneuver, the LGC will continue computation of position and velocity, 
the desired thrust vector, and the desired attitude errors. However, the PGNS will 
not be responsible if register overflows occur within the LGC. 


The PGNS generates two types of errors for display on the FDAI as selected by the 
astronaut: 


a. Mode 1--Selected by Verb 61. Autopilot following errors used as a monitor of 
the DAP's ability to track automatic steering commands. 


b. Mode 2—Selected by Verb 62. Total attitude errors used to assist the crew in 
manually maneuvering the vehicle 
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P70 (continued) = 


11. The Load DAP Data routine (RO3} was completed prior to DPS ignition for the 
povered landing maneuver and should not be selected during this program. 


12. During DPS burns only, the Pitch-Rotl RCS jet autopilot (U and V jets) may be 
disabled (V6S} or enabled (V75) by Extended Verb as shown. This capability is 
intended to be used to prevent LM and descent stage thermat constraint violations 
during CSM-docked DPS burns (P40). The capability exists during P63 aiso. 
Performance of FRESH START (V36E) wil! always enable the capability of the 
autopilot. 


13. This program may be called in two ways: 


a. Abort button—if the Abort button is used during the powered descent it will be 
detected by the Abort Discretes Monitor routine (Rit). R11 will then call this 
program. 


b. V37E 70OE—This program may be called by the same procedure as other 
programs are manually called. 


14. The LGC witl not automatically select the APS Abort program (P71) if DPS fuel 
exhaustton occurs during execution of P70. The crew must anticipate DPS fuel 
exhaustion and select P71 by the Abort Stage button or by V37E 71E. 


Sequence of Events: 
ABORT PUSH (DURING P63, P64, or P66) 


or 
V37E70E 
VO6N94 VGX (LM) (+Up) XXXX.X ft/s 
Altitude Rate XXXX.X ft/s 
Computed Altitude XXXXX.ft 
To monitor Time-to-Go and cross range velocity. 
VI6BN77E 
V16N77 Time to Engine Cutoff XXbXX min/s 
tM Velocity Normal to CSM Plane XXXX.X ft/s 
Absolute Vaiue of Inertial Velocity XXXX.X ft/s 
N8SE 
V16N85 VGy (body) XXXX.X ft/s 
VGy, (body) XXXX.X ft/s 
VG2 (body) XXXX.X ft/s 
tf burn is greater than 400 seconds, descent regulators close at PDi + 6:20. Then 
when VGy = 100 ft/s, shut down DPS engine. DES ENG CMD OVRD and ENG 
ARM are OFF. NULL components of V16N85 display. 
KEY REL 
Flashing VGX (LM) (+Up) XXXX.X ft/s 
V16N94 Altitude Rate XXXX.X ft/s 
Computed Altitude XXXXX. ft 
ENG STOP —~PUSH.ENG ARM—OFF, ABORT — Reset 
PRO 
Fiashing VGy (body) XXXX.X ft/s 
V16N85 VGy (body) XXXX.X ft/s 
VG?2 (body) XXXX.X ft/s 
V82E Display Orbital parameters. 
Fiashing Apocenter Altitude XXXX.X ami 
V16N44 Pericenter Altitude XXXX.X ami 
Time from Phase XXbXX min/s 
PRO 
Flashing Same as above. 
VI6EN85S 
PRO 


Flashing Select New Program. 
i727 
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P71—APS ABORT PROGRAM 


asy- 


To control a PGNS controlled APS abort from the powered landing maneuver 
(P63, P64, or P66) or a DPS Abort (P70) when required. 


Assumptions: 


The program will control an APS abort in one of two ways: 


a. If the altitude is greater than 25,000 feet this program will ignite the APS, 
continue APS thrusting, perform an attitude maneuver (using the RCS) to the 
correct attitude to continue the abort ascent, and complete the abort ascent to 
insert the LM into an abort orbit. 


b. If the altitude is less than 25,000 feet this program will ignite the APS, continue 
APS thrusting, enter a vertical rise phase which wil! terminate either when the 
LM altitude exceeds 25,000 feet or when both of the following conditions are 
met: the LM Y axis is within 5 degrees of the desired pitchover axis and the LM 
vertical velocity is greater than 40 ft/s. 


During the vertical rise phase the vehicle is maneuvered to align the LM +X axis 
with the local vertical (using the RCS) and the LM +Y axis normal to the 
anticipated pitch maneuver plane. The program will then pitch the LM to the 
correct attitude for ascent, and then complete the abort ascent to insert the LM 
into an abort orbit. 


This program does not check to see if the DPS has been staged. Thus if P71 is 
selected via V37 and the descent stage has not been manually staged this program 
may COmmand engine on (Assumption 1.a or 1.6 above). In such cases the command 
will go to the OPS. 


The CSM is in a near circular orbit around the moon at a nominal altitude of 60 
nautical miles. The CSM is maintaining a perferred tracking attitude for optical 
tracking of and RR tracking by the LM. 


The Landing Radar (LR) is on and was checked out when in Position No. 4. The 
tGC/LR operation is under the control of the Descent State Vector Update routine 
(R12). 


- The Landing Analog Displays routine (R10) is enabled upon entry to this program, 


having been enabled by P63. R10 use of the RR CDU’s is inhibited by this program. 
R29 is enabled after completion of the vertical rise phase (if any). R10 and R29 are 
terminated upon termination of Average G. 


if a thrusting maneuver is performed with the Guidance Control switch in PGNS and 
the Mode Control switch in Auto, the PGNS controls the total vehicle attitude and 
generates either Mode 1 or Mode 2 attitude errors for display on the FOAI. The 
crew may exercise control about only the yaw axis with the ACA (X-axis override) 
provided the X-axis override capability is permitted. 


If a thrusting maneuver is performed with the Guidance Control switch in PGNS and 
the Mode Control switch in Attitude Hold, the PGNS holds the vehicle attitude 
and generates either Mode 1 or Mode 2 attitude errors for disptay on the FDAI. The 
crew may exercise manual control about all vehicle axes with the ACA using either 
the Rate Command or Minimum Impulse mode. However, it is strongly recom- 
mended that powered flight not be attempted in the Minimum Impulse mode. 
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P71 (continued) 


Control of the LM OPS, RCS, and APS is transferred from the PGNS to the Abort 
Guidance System (AGS) by placing the Guidance Control switch from PGNS to 
AGS. 


The AGS will be capable of taking over control of the LM during any portion of the 
lunar descent or ascent or during either of the abort programs (P70 or P71). The 
AGS will guide the LM to a safe orbit. 


The AGS may be initialized by the LGC at any time by manual selection of the AGS 
initialization routine (R47). 


In the event that the Guidance Control switch is changed from PGNS to AGS during 
a thrusting maneuver, the LGC will continue computation of position and velocity, 
the desired thrust vector, and the desired attitude errors. However, the PGNS will 
not be responsible if register overflows occur within the LGC. 


The PGNS generates two types of errors for display on the FOAI as selected by the 
astronaut. 


a. Mode 1—Selected by Verb 61. Autopiiot fotiowing errors used as a monitor of 
the DAP’s ability to track automatic steering comands. 


b. Mode 2—Selected by Verb 62. Total attitude errors used to assist the crew in 
manually maneuvering the vehicle. 


The Load DAP Data routine (RO3) was completed prior to DPS ignition for the 
powered landing maneuver and should not be selected during this program. 


This program may be called in two ways: 


a. Abort Stage button—If the Abort Stage button is used during the powered 
descent or the DPS Abort program (P70), it will be detected by the Abort 
Discretes Monitor routine (R11). R11 will then call this program. 


b. V37E71E—This program may be called by the same procedure as other programs 
are manually called. 


Sequence of Events: 
= ABORT STAGE—Push (During P63, P64, P66, or P70) 


V37E71E 


VO6N94 VGX (LM) (+ Up) XXXX.X ft/s 
Altitude Rate XXXX.X ft/s 
Computed Altitude XXXXX. ft 


ENG START — Push, ENG ARM — ASC, RESET ENG STOP — if on, BAL CPL — on, 
System A and B ASC — FEED ~— OPEN, Main SOV — close, crossfeed — open. 


TO monitor time to go and cross range velocity. 


VIEN77E 
V16N77 Time to Engine Cutoff XXbxXX min/s 
LM Velocity Normal to CSM Plane XXXX.X ft/s 
N8S5E Absolute Value of Inertial Velocity XXXX.X ft/s 
VI6N85 ss: VG (body) XXXX.X ft/s 
VGy (body) XXXX.X ft/s. 
VG2 (body) XXXX.X ft/s 


At VG x = 500 ft/s — enable APS fuel to RCS thrusters. MAIN SOV — open, 


Sys A and B ascent feed ~— close. 
At VGy = 200 ft/s enable automatic shutdown ENG ~ ARM — OFF. 


~~ = 2 aad ol oe oe 
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P71 (continued) 


KEY REL 
Flashing VGX (LM) (+Up)} XXXX.X ft/s 
V1i6N94 Altitude Rate XKXX.X ft/s 
Computed Altitude KKKXKX. ft 
ENG — STOP — reset 
PRO 
Flashing VGy (body} XXXX.X ft/s 
V16N85 VGy (body) XXXKX.X ft/s 
VGz (body) XXXKX.X ft/s 
Display orbital parameters. 
V82E 
Flashing Apocenter Altitude KKKX.X nmi 
V16N44 Pericenter Aititude KKKKK. NMI 
Time from Phase XXbXX min/s 
PRO 
Flashing Select New Program 
V3? 
P72—CSM COELLIPTIC SEQUENCE INITIATION (CSI) 
TARGETING PROGRAM 
Purpose: 


1. 


To calculate parameters associated with the following concentric flight plan 
maneuvers for CSM execution of the maneuvers under the control of the CMC: the 
Coelliptic Sequence Initiation (CSI} and the Constant Delta Altitude maneuver 
(CDOH}. 


Assumptions: 


1. 


2. 


At a selected TPI time the line of sight between the CSM and the LM is selected to 
be a prescribed angle (E}) from the horizontat plane defined at the CSM position. 


The time between CSI ignition and CDH ignition must be computed to be greater 
than 10 minutes for successful completion of the program. 


The time between CDH ignition and TPI ignition must be computed to be greater 
than 10 minutes for successful completion of the program. 


COH Delta V is selected to minimize the variation of the altitude difference between 
the orbits. 


CS! burn is defined such that the impulstve Delta V is in the CSM horizontal plane at 
CSI ignition. 


The pericenter altitude of the orbit following CSI and CDH must be greater than 
35,000 feet (lunar orbit) or 85 nmi (earth orbit) for successful completion of this 
program. 


The CS! and CDH maneuvers are assumed to be parallel to the plane of the LM 
orbit, however crew modification of Detta V(LV) components may result in an 
out-of-plane CS1i maneuver. 


The Rendezvous Radar may or may not be used to update the LM or CSM vectors 
for this program. If radar use is desired the radar was turned on and locked on the 
CSM by previous selection of P20. Radar sighting marks will be made automatically 
approximately once a minute when enabled. The rendezvous tracking mark counter 
is zeroed by the selection of P20 and after each thrusting maneuver. 


The ISS need not be on to complete this program unless automatic state vector 
updating is desired by the Rendezvous Navigation program (P20). If selected, P20 
will define the status of the ISS. 


Senuence of Events: 
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™ P73—-CSM CONSTANT DELTA ALTITUDE (CDH) 
‘il TARGETING PROGRAM 


Purpose: 


ee Y 1. To calculate parameters associated with the concentric flight plan maneuvers with 

= - the exception of Coelliptic Sequence Initiation (CS!) for CSM execution of the 

= maneuvers under control of the CMC. The concentric flight plan maneuvers are the 

ae Coelliptic Sequence Initiation (CSI), the Constant Delta Altitude maneuver (CDH), 

i> a the Transfer Phase Initiation (TP), and the Transfer Phase Fina} {TPF) or braking 
— maneuver. 


Assumptions: 
1. This program is based upon previous completion of the Coelliptic Sequence 
Initiation (CSI) Targeting program (P72). Therefore: 


a. At a selected TP! time the line of sight between the CSM and the LM was 
selected to be a prescribed angie (E) from the horizontal plane defined at the 
CSM position. 


a, © rae 
= A r + 
ae Daa elapse aN 


os a b. The time between CS! ignition and CDH ignition was computed to be greater 
= than 10 minutes. 


| = c. The time between COH ignition and TPI ignition was computed to be greater 
isak. than 10 minutes. 


. d. The variation of the altitude difference between the orbits wes minimized. 


ne e. CSI burn was defined such that the impulsive Delta V was in the CSM horizontal 
Bre plane at CSI ignition. if 


. f. The pericenter altitudes of the orbits following CSi and COH were computed to 
be greater than 35,000 feet (lunar orbit) or 85 nmi (earth orbit). 


g. The CSI and CDH maneuvers were assumed to be parallel to the piane of the LM 
orbit. However, crew modification of Delta V{LV) components may have 
resulted in an out-of-plane CSI maneuver. 


Uniess the inputs to this program are changed from those values inserted in P72, the 
calculated parameters for the remaining maneuvers of the concentric flight plan will 
vary from those originally calculated and displayed only due to the continuous radar 
updating of the LM or CSM orbit. 


2. The Rendezvous Radar may or may not be used to update the tM or CSM state 
vectors for this program. |f radar use is desired the radar should have been turned on 
and locked on the CSM by previous selection of P20. Radar sighting marks will be 
made automatically approximately once a minute when enabled. The rendezvous 
tracking mark counter is zeroed by the selection of P20 and after each thrusting 
maneuver. 


i 
le 
Ls 


3. The ISS need not be on to complete this program uniess automatic state vector 
updating is required by the Rendezvous Navigation program (P20}. If selected, P20 
will define the status of the ISS. 


: i Sequence of Events: 


§ ; This sequence of events is identical to P33. Record maneuver parameters and 
transmit to CSM. 
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P74—CSM TRANSFER PHASE INITIATION (TPI) 
TARGETING PROGRAM 


Purpose 


ue 


To calculate the required Delta V and other initial conditions required by the CMC 
for CSM execution of the Transfer Phase Initiation {TPI) maneuver. Given: 


a. Time of ignition (TIG(TPI)) or the elevation angte (E) of the CSM/LM LOS at 
TIG(TPH). 


b. Centra) angle of transfer (CENTANG) from TIG(TPI) to intercept time. 
To caiculate TIG(TPI) given E or E given TIG(TPI). 


Assumptions: 


1. 


This program is based upon previous completion of the Constant Delta Altitude 
(CDH) Targeting program (P73). Therefore: 


a. Ata selected TPI time (now in storage) the jine of sight between the CSM and 
the LM was selected to be a prescribed angle (E) (now in storage) from the 
horizontat plane defined at the CSM position. 


b. The time between CDH ignition and TPI tgnition was computed to be greater 
than 10 minutes. 


c. The variation of the altitude difference between the orbits was minimized. 


d. The pericenter altitudes of the orbits following CS! and CDH were computed to 
be greater than 35,000 feet {lunar orbit) or 85 nmi {earth orbit). 


e. The CSI and CDH maneuvers were assumed to be parallel to the plane of the LM 
orbit. However, crew modification of Delta V{LV) components may have 
resulted in an out-of-plane CDH maneuver. 


Unless the inputs to this program are changed from those inserted in P72 and/or 
P73, the calculated parameters for the remaining maneuvers of the concentric flight 
plan will vary from those originally calculated and displayed only due to the 
continuous radar updating of the LM or CSM orbit. 


The Rendezvous Radar may or may not be used to update the LM or CSM state 
vectors for this program. If radar use is desired the radar should be turned on and 
locked on the CSM by previous selection of P20. Radar sighting marks will be made 
automatically approximately once a minute when enabled. The rendezvous tracking 
mark counter is zeroed by the selection of P20 and after each thrusting maneuver. 


There is no requirement for ISS operation during this program unless automatic 
State vector updating is desired by the Rendezvous Navigation program (P2Q). If 
selected, P20 will define the status of the ISS. 


Once the parameters required for computation of the maneuver have been 
completely specified, the value of the active vehicte central angle of transfer is 
computed and stored. This number will be available for disptay to the astronaut 
through the use of VO6 N52. 


The astronaut would call this display to verify that the central angle of transfer of 
the active vehicle is not within 170 to 190 degrees. If the angle ts within this zone, 
the astronaut should reassess the input targeting parameters based upon Delta V and 
expected maneuver time. 


Sequerce of Events: 


This sequence of events is identica} to P34. Record maneuver parameters and 
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P75—CSM TRANSFER PHASE MIDCOURSE (TPM) oe 
TARGETING PROGRAM 


Purpose: 


1. To calculate the required Delta V and other initial conditions required by the CMC 
for CSM execution of the next midcourse correction of the transfer phase of an 
actrve CSM rendezvous. 


Assumpt tons: 


1. There is no requwement for ISS operating during this program, unless automatic 
state vector updating is desired by the Rendezvous Navigation program (P20). If 
selected, P20 will define the status of the iSS. 


2 The Rendezvous Radar is on and is locked on the CSM. This was done during 
previous selection of P20. Radar sighting marks wilf be made automatically 
approximately once a minute when enabled. The rendezvous tracking mark counter 
is zeroed by the selection of P20 and after each thrusting maneuver. 


3. The time of intercept (T(INT)) was defined by previous completion of the Transfer 
Phase Initiation (TPI) Targeting program (P74) and is presently available in LGC 
storage. 


4. Once the parameters required for computation of the maneuver have been 
completely specified, the vatue of the actwe vehicte central angle of transfer is 
COmputed and stored. This number wii! be available for display to the astronaut 
through the use of VO6 N52. 


The astronaut would call this display to verify that the central angle of transfer of 
the active vehicie is not within 170 to 190 degrees. !f the angle is within this zone 
the astronaut should reassess the input targeting parameters based upon Delta V and 
expected maneuver time. 


Sequence of Events: 
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This sequence is identical to P35 sequence. Record maneuver parameters 
and transmit to CSM. 


P76/P77 CSM/LM State Vector Update Program 


Purposes: 


1. To provide a means of notifying the LGC that the CSM has changed its orbital 
parameters by the execution of a thrusting maneuver. 


2. To provide to the LGC the Deita V apptied to the CSM to enable an updating of the 
CSM or LM state vector. 
Assumptions: 


1. The LM crew has the Delta V to be applied to the CSM in local vertical axes at the 
specified TiIG. These vaiues are displayed prior to TIG by the thrusting programs 
(P40 and P41 in the CMC). No provision is made in these thrusting programs to 
disptay the results of the maneuver in a form usable by this program. 


2. If the Rendezvous Navigation program (P20} or the Lunar Surface Navigation 
program (P22) is in process this program must be selected prior to the CSM thrusting 
maneuver. This can be assured by voice communication between the LM and CSM. 


Sequence of Events: 
V37E76E (CSM), V37E77E (LM) 


Flashing Time of Ignitton of Other Vehicle OOXXX_h 
VO6EN33 O00XX. min 
OXX.XXs 
PRO 
Flashing AV, (LV of other vehicle} XXXX._X ft/s 
VO6N84 AVy (LV of other vehicle) XXXX.X ft/s 
or Av> (LV of other vehicte) XXXX.X ft/s 
Flashing 
VOEN81 —-_ A Vy {LV of this vehicie) XXXX.X ft/s 
AVy {LV of this vehicle) XXXX.X ft/s 


Avz2 (LV of this vehicie} XXXX.X ft/s 
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P99—GUIDED RCs BURN (ERASABLE MEMORY PROGRAM) 


Purpose: 
1. To provide for a guided RCS burn that will be Used to deorbit the LM ascent Stage 
iNtO a precise Moon impact. 
Assumptions: 
1. The LM is the ascent stage only. 


2. The erasable Program for P99 has been Previously uplinked and loaded into the 
computer. 


3. A targeting program (P30_& xternal Deita V Program or Similar} has been performed 
prior to calling P99 for use. 


4. The digital autopilot has been Properly configured with a S-degree deadband and 
correct ascent weight prior to use of this program. 
5. The control of the spacecraft is PGNS in Auto with the Ascent Engine Arm switch 
Off, 


6. No more IMU alignments are allowed because the Program overlays the AOT Mark 
K? 


Sequence of Events: 


(Via uplink) 
V30E 
P99 in mode light 
Flashing Desired Automaneuver FDAI Angle R XXX.XX deg 
VSON18 P XXX.xx deg 
vo XXX XX deg 
V33E (Proceed) for trim 
Or 
ENTER Forno trim 
VO6N40 Time from Ignitiion XXbXX min/s 
Velocity to be Gained XXXX.X ft/s 
V (accumulated) XXXX.X ft/s 


TFI counts down until TIG -35 seconds when DSKY blanks for § Seconds. VO6N40 
display returns. 


AtTIG ullage begins 
At cutoff ullage stops 


Flashing Time from Ignition XXDXX min/s 
V16N40 Velocity go be Gained XXXX.X ft/s 
V (accumulated) 


V33E (Proceed) 


Flashing AV» (LM body) XXXX.X ft/s 
V16N85 AVY (LM body) XXXX.X ft/s 
AV> {LM body) XXXX.X ft/s 
V33E — (Proceed) 
Flashing 
V37 
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PROPULSION/ 
EVENT BI/AV GET. GUIDANCE 


~ LOI 392 Pardes SPS/G&N 
. ' i 1, + as ° : sos 
(RETROGRADE)| 2,997.9 EXT 2V (P-40) 


PRETHRUST 
TARGETING 


N85 


RESIDUALS (ft/s)| 
(BODY AXIS) 


#min GET 


H spe rvelic 
Appreach 


Note: Shadow is with respect z | ‘ 
to the CSM orbit. , | a 


O Earth LOS 


we 


LB-35 


P30_EX TERNAL Ov 
TEIS & DO! 


V37 Encer, 30 Enter 
V06 NW 39 Flashing. Loed Oesired GET} 
VO6 N81 Flashing, Losd Dssired Av 


Purpoee 


+ 


( 
/ 7 —_ 
Bate 
i nia ee 
bs oe 
4 acini 
: ae ON OH Le LE 
EVES Es ae 
ial 4 
ES ES a 
i i Es 
1) 
3 Sassen 
: a a i 
a so is Oo 
i — — 
wmee Tetef=) 1] 
sews P| | pd 
| Ines 
: a oe es ey 
: Sn ae sD 
F eet Ee) 
| Rn ee a 
q ets) Sia 
1 | 
mn ) 
BY 
x pf | tt 
| tit} | 
; GET 0.05 q 
a _ | Hr: min:s 
Bec , 
pata 
a 
ou 
é ca 
q uu 
4 pede pat LL is Ane eee 


eg NOTES: 


fhe Lae ee eee eee ee 


= 
ar 


i=>—i- aa late} pag 
= J I - tial si 


oe 


en ee 
L pat ab. 


rl 
eas 


. SE PS = Se bo ee ee es ge ae ES 
Tees tak ie palo alee * 


os ee 


it 


L8-36 


P24 — LANDMARK TRACKING 


CSM Landwark Tracking Profile 
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P24 RATE-AIDED OPTICS TRACKING 


CMC - on (req) 
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8CS - on 

BMAG MODE (3) - RATE 2 
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P24 — LANDMARK TRACKING 


CSM fanémark Trackiog Profile 
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P24 RATE-AIDED OPTICS TRACKING 


CMC - on (req) 
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SCS - on 

BMAG MODE (3) ~ RATE 2 
G&N PWR OPTICS - on 
OPT ZERO ~- ZERO (verify) 
OPT MODE - CMC 
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: CDR calculates coarse align angles: 


Inner Cinta Widdle Simbal 


Li. CDR executes VNINEO ane loads X, Y, Z CR angles. 


5. CDR executes VUCNeOs -- IMU goes inertial. 


NCTE: The accuracy of tnis procedure is limited by 
(3) the coarse align accuracy of the ISS 
(bo) vehicle attitude changes between steps 2 and $. 


Docked Fine Align: 


6. CMP ane CDR enter simultaneous VOEON2O0 in CM and LM. The ICDU 
angles are. réccrded anc reported to MCC. 
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(fer gyro drift calculation) 


CM 
LM: 

ig MCC calculates gyro torquing angles and reports them to LM, 
LM GTA‘s = . Fee ae ‘ 6 


8. CDR disables jet firings and performs fine align (V42E), loading 
the gyro torquing angles voiced up from MCC. 
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Docked (Noun 20 Method) 
The LM IMU drift check la perfcrmed by MCC using 4 set of simultaneous CM and LM ICDU angles. 
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LM: 
mcc calculates gTO torquing angies: ae s ae aoe . a 7 a rf 
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2230 Xx, .520°Y, Ligo"s, 

Te above limits are based on the follewing requirements: 
1. Maximo platform misalignment at ?7DI = .19° about Xe to assure that crossrange error at touchdown 

<2 xilometer. 
2. Maximum platferm misalignment at POI = .5° about to to assure a safe descent abert cevability. 


a3 FGNCS is No/Go if drift rete > i00 weru about any axis. 


Although the restrictive requirements concern the state of pletferm alignment at PDi, nigh ¢drifs ree can 
_megete a perfees platform realignment (2) performed 80 minutes defore PDI. 


Ame equivalent drift rates allovable are: 
1&5 deg/hr (X) .376 deg/hr (y) 1.5 deg/hr (Z) 


tne GTA limits utilize these drift rates, assume 75 minutes tetween Noun 20 entries, and allow .05° for 
total measurement error. 


Undocked (P52 Method) 


Tne gyro torquing angles obtained during the IMJ realigneent program (P52) can be used to calculate the 
rate Of platform drift since the lest realignment. 
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The time-of-previous-align used in the Rev 12 drift calculatiem will nominally ve the GHT of the P52 GTA’as. 
during Docked Fine Align. However, allowance must be mede for any changes 1m the ccmpensation values 

during this period. In spite of the CTA limits defined for Docked Gyre Drift (atove}, Mission Rules provide 
for uplinking new compensation values whenever the drift rate exceeds 5 aeru on any axis. 
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on the equivalent drift rates allowed during the Docked Cyre Drift measurement {above}. They 
assvame 2.0 hours between the two °52's, and allow .06° for AOT measurement errors. if the limits 
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CSM _ LUNAR ORBIT CIRCULARIZATION ai 
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CSM Landmark Tracking Profile 
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P24 RATE-AIDED OPTICS TRACKING 


CMC - on (req) 

{SS - oa and aligned 

& S-on 
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P24 — LANDMARK TRACKING 
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LB-55 
RASIC REFERENCE COORDINATES AND REFSMMAT 


The Basic Reference Coordinate system (BRC) is an orthogonal inertial coordinate 
system whose origin is located either at the earth or moon center of mass (Figure 1). 
The orientation of-this coordinate system is defined by the line of intersection of the 
mean earth equatorial plane and the mean ecliptic at the beginning of the Besselian 
year which starts January 2.010, 1971. The X axis (uy ) is defined by the inter- 
section of the earth's equatorial plane and the ecliptic in the direction of the ascending 
node, The Z axis {u+y) is along the mean earth north pole, and Y axis (uyy) com- 
pletes the right-handed triad. 


This coordinate system is shifted from earth-centered to moon-centered when esti- 
mated vehicle position from the moon falls below 64,373,760 meters. It is likewise 
shifted from the moon back to the earth when the spacecraft position exceeds §4, 373,760 
meters. Ali navigation stars, lunar-solar ephemerides and vehicle state vectors are 


referenced to this system (Figure 2). 


REFSMMAT. The matrix used to transform the elements of a vector given in 
BRC space to IMU space is known as REFSMMAT. 


Eight REFSMM{AT's or [M{U alignments are utilized during this mission. 
Each is a unique matrix which locates a stable member axis (Uxsyy, Uysny OF 
uzsm) in BRC space (Figure 3). 


IMU_REALIGNMENT. Any desired IMU orientation with respect to the BRC sys- 
tem and its associated REFSMMAT can be obtained from star sightings (Program 


P52). 


The procedure generally used to change the alignment of the IMU from one of the 
five primary attitudes to another is as follows; 


@ The astronaut executes Program P52, Option3, This realigns the IMU 
to the present inertial attitude thereby eliminating the effects of gyro 


drift. 


e The astronaut executes Program P52, Option 1. The REFSMMAT for 
Option I is generally uplinked prior. to entering P52. When executed, 
the program computes and displays the IMU gimbal angles for the 
desired IMU attitude using the present vehicle attitude. 


A total of four options are available to the crew when executing P52 (Figure 4}. The 
basic difference between options is the manner in which REFSMMAT is obtained. The 
basic orthogonalization procedure used to compute REFSMMAT is shown in Figure 35. 
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Ecliptic 


uy; = Mean Equinox of Date* 


Moon Orbital Plane 
Earth 


Center 


Node Line 
Moon Orbital Plane 


Ecliptic 


Moon Equator 
NIoon 


By 
Plane Parallel to 
Earth Equator 


* Besselian year starting January 1.2516251, 1972 


Figure 1. Basic Reference Coordinate System 
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Figure 2. Basic Reference Coordinate System 
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| [LAUNCH PAD REFSMMAT | 


1. Launch 

23. Tid 

3 T&D 

x 

Y = 

Z |Spacecraft 

~ Platform 

Stable 
Members 


XIX = -0, 93615136 
YIX = 0.030764652 
ZUX = -0.35024871 


MCC-3 
MCC-4 


MCC-=5 
MCC-6 


1, 
2. 
3. 
4. 
De 
6. 
7. 
8. 


XTX = 0. 93969262 
YLX = 0. 34202014 


ZIX = 0, 0 


Figure 3 (Sheet 1 of 3). 
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ba b.§ YIY YIZ 
ZIX ZIY ZIZ 


— a 


ATY = 0. 31765305 
YIY = 0,50103907 
ZIY = ~0. 80501950 


Passive Thermal Control 


SIM Bay Door Jettison 


XTY = 0. 31378939 
YTY = -0. 86212926 
ZIY = 0.39783077 


| XIX XIY XIZ 


XIZ = 
YIZ = 
ZIZ 


NM 


XIZ 


MN 


¥IZ 


ZIZ 


Z 


ECI (MNBY) 


0.15072214 


-0, 86487766 


-0.47882089 


0, 13606614 


-0. 37383864 
-0, 91745881 


Mission REFSMMAT's 


= 


sil LB69 


a q PREFERRED (LOI) REFSMMAT) 


i 


1, LO! 
|x . XIX xXIY XIZ 
| Y | = |YIX  YIY  YIZ 
| ; 
Z |Spacecraft ZX ZIY ZIZ ECI (MNBY) or 
— Platform : ' MCI (MNBY) 
Stable 
Members 


XIX = 0.48089333 XIY = -0.41515140 XIZ = -0. 77226350 
YIX = 0.019274318 YIY = -0. 87557755 YIZ = 0, 48269293 
ZIX = -0.87656721 ZLY = -0. 24700866 ZIZ = -0. 41305764 


2. CSM Separation 

3. CSM Circularization 
4. LM Powered Descent 
5. Subsatellite Jettison 


XTX = 0,58256124 STY = 0.47618509 XIZ= 0. 65868822 
YIX = -0. 25065581 YTY = -0, 66565295 YIZ = 0, 70290671 


- ZIX = 0,77317145  ZIY = -0,57459023 ZIZ = -0. 26842505 
" |[ PREFERRED (LOPC) REFSMMAT 
x 1, LOPC 
XTX = -0,25509020 XIY = -0,66899247 XIZ= 0, 69812468 


YIX = -0. 038763394 YIY = -0.71435482 YIZ = -0. 69870923 
ZiX = 0. 96613994 ZIY = -0. 20529556 Z1Z = 0.15619250 


Figure 3 (Sheet 2 of 3). Mission REFSMMAT's 
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| 1, LM Ascent 
2. TPI 
3. CSM Separation following LM Jettison 
4, LM Deorbit 
— = Pn a 
X | XIX XIY XIZ x 
Y = YIX xy YIZ 
Z |Spacecraft ZIX ZIY ZIZ Z ECI (MNBY) or 
| Platform ~ MCI (MNBY) 
Stable 
Members 


XIX = 0. 055099073 XIY= 0, 66312594 X1Z = 0. 74647713 
YIX = -0,22872524 YIY = -0. 71935067 YIZ = 0, 65591112 
ZIX = Q. 97193049 ZIY = -0. 20687825 ZIZ = 0, 11203809 


PREFERRED (TE1) REFSMMAT | 


| | 1. TH 
XIX = -0. 76029649 XIY = -0. 043428479 XIZ = -0. 64812285 
YX = 0, 38932093 YIY = 0. 76823375 YIZ = -0.50817920 
ZIX = 0.51997930 ZIY = -0,.63869464 ZIZ = -0.56717782 


|| ENTRY REFSMMAT_ 


1, MCC-7 
2. Entry 
XTX = -0.79310282 XIY = -0.13441632 XIZ= 0.59407084 


tl 


YUX = -0, 60877234 YIY= 0,20632025 YIZ = -0,76604711 
ZIX = -0.019599619 ZIY = -0,96920805 ZIZ = -0.24546211 : 
Figure 3 (Sheet 3 of 3). Mission REFSMMAT's ; 


LB.61 


{OPTION: 00001 (PREFERRED) 


DESCRIPTION: Preferred Thrusting Illustrated 


(XSM) x (Faq) 


ZSM = (XSM) x (YSM) 


re 
on 
= 
i 


—E 


Yhe PREFERRED option refers to one of two possibilities: 


a. The PREFERRED thrusting orientation which is caiculated and stored by P40 and 
P4t. 


b. Any orientation uplinked by MSFN via P27. 


The CMC is unable to distinguish between a and b, Whenever a PREFERRED orienta- 
tion baa been computed by P40 or P41 and stored, or uplinked by MSFN via P27, the 
PREFERRED ATTIFUDE flag Is set. This flag indicates to the CMC that a usable 
platform orientation bas been stored in the locations allotted to PREFERRED ATTI- 
TUDE, Tbe PREFERRED ATTITUDE flag being reset indicates the information in 
the PREFERRED ATTITUDE locations is unusable, The PREFERRED ATTITUDE 
flag ts reset by P40 and P4i at TiG - 30 seconds, 


CAILUIATION OF ORIENTATION: 


= = 


PREFERRED Xony pee 

REFSMMAT | = | Ygm |=|Unit pp x Ty¢) 

(Chrusting) Zgmq] | Unit pp * Cry * 10) 
where iG ade 


Utp is a unit vector in the desired thrust direction expressed in the basic 
reference system, 


rig is the “position vector of the vehicle at ignition expressed in the basic 
reference system, 


Figure 4 (Sheet | of 3) 


[OPTION: 00002 (NOMINAL) 


XSM = (YSM) x (YS) 
YSM = (v) x (Fr) 
ZSM » -r 
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DESCRIPTION: LOCAL VERTICAL 


Se 


e dv) (r} 
| = NSM - YSN 


The CMC requests the g,e,t. for which the vehicle rand v are to be selected to define 
the NOMINAL orientation, 


CALCULATION OF ORIENTATION: 


CSM LM 
Xou Yom < Zon | Cnit (7) 
Nominal ee aCe aes 
REFSMMAT ¥om| = | Unit 7x WH] = | Unit (Fx F) 
Z5m Unit (-F) Xsm * ¥.sM 
where . 7 - 
vr are position and velocity vectors of vehicle at the time 
Vv specified. 
[opTion: 00003 (REFSMMAT) | 
DESCRIPTION: 


This option is used for gyro drift determination, This option realigns the platform to 
the platform orientation currently maintained in the CMC, The actuai platform orien- 
tation differs from the CMC maintained orientation due to gyro drixt. 


XSM | Currently maintained 
[ REFsMMar| =| YsM |= | CMC platform 
ZSM Orientation 


Figure 4 (Sheet 2 of 3) 
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OPTION: 00004 (LANDING SITE) 
DESCRIPTION: 


= Fis 
+ ¢ 28M © (NRO 


e1r= vb + (ROM 
| 


XSi 


The latitude, tougitude/2, and altitude above the mean lunar radius of the Jarding «ite 
must be entered to determine Ris. The g.e.t. for which the CSM Tand ¥ are to be 
selected must also be entered, 


| / = 


Landing Site al¥ =/% x 
REFSMMAT SM sm * “SM 
Zou Unit ({rx VY x Xsnql 


where 


Ris is the landing site position vector, defined by the latitude, longitude, 
and sitiMde, apecified in the basic reference system, 


rand ¥ are the CSM position and velocity vectors af the time spectfied, 


’ PROCEDURE FOR SPECIFYING OPTIONS 


a. When P52 is entered, the CMC checks the PREFERRED ATTITUDE flag, 

b, If the flag is set, the OSKY flashes Verb 04, Noun 06, R2~= 00001, indicating 
the PREFERRED cption may be selected, 

c, If the flagis not set, the OSKY flashes Vecb 04, Notun 06, R?2 = 00003, 
indicating the PREFERRED option may not be selected, 

Jd. The desired option is loaded Into R2 via Verb 22. 


Figure 4 (Sheet 3 of 3) 
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PS1/P52_ IMU ALICNMENT 
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Al, 6 
AM, AO are {nner, middle, and outer Gimbal angles at | th mark 


AT sre SXT LOS shaft and trunnlon at i th mark time. Sosa 


Usin aod U are the measu 
‘ SIyq c 
Space of the stara. ed anit vectors (optics mark) in Stable member (SM) 


g 
Si “sim | 


€ 5S.) = [051 x Uso) * YJ ECI s 
A $1 [ ] [53] = |(8sin * Ugang) * Usa {SM} 


Ys, x U 
Us, U 
=sim ™ Uson 


(Sy > (Al (EC (S,] = (By ,sMy 


(5.1 (SI 


NOTE: For P52, Ucy aad Ugo are first 
“4 traasforméd to SM space using the de- 
(34) = (8) (Al [ ECT) sired RE €SMMAT, (8] * (AJ is thea 
a charactectzation of realignment 

Gyto torguing angles. 


[ A) (ECI) =] By [ SMj 
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Figure 5. REFSMMAT Computations 
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sad | ON REFSMMAT SUMMARY, 26 JULY LAUNCH 


Applicable Aiinement criteria 
| ih rer Rees : (IM) axia) Ree 
ee : 

“Launch Pad” X-axis along flig t azimuth at launch At earth launch the FDAI vill 
Zeaxig aloag negative radius vector displey: Roll # 90+ fiight 
Y-axis completes right-hand system a=isuth 

Pitch = 90 

Yaw = Oo 


"PTC" (Passive Xeazia in the ecliptic plane and At the beginning of the Bar-B-Que 
Thermal Control) perpendicular to the earth-aoon line mode, the spacecraft vill maneu- 
(CSM oaly) projection in the ecliptic plane at to an FDA! display of: 

the averege tipe of transearth iojec- Rell = O 
tion for the monthly launch v ndov Piteb = 90 
end ariguth range. Yav #® 0 


Z-axis perpendicular to the ecliptic 
ena directed south. 


Y-axis cOmplete the right-hand syaten. 


Preferred X-axis alined with the spacecraft 
(heeds dom X-bedy azia at the vehicle attitude 


In eo heads down orientation at 
bu n ignition, the CSM FDAI 


CSM) for ignition with the thrust vill display: 
directed through the center of Ro 1 #0 
gravity. Pitch 2 0 
Yaw z 0 


Z—ezis in Che plade formed by the 
X-axie and the position vector. 
Positive direction avay from moon 
for a heeds down attitude. Poali- 
tive direction tovarda moon for 
heads-up attitude. 


Y-axis camnletes the right-hand 
ay eten. 


X-axis along poaitive luna radius At nominal touchdown, the LM 
vector at landing site at pr dicted FDOAI vill display: Roli 4 0 
landing time. Pitch = O 


%—-exis in direction of flight pare lel Yae 20 
to the CSM orbital pla e a d perpen- 
Gicular to X. 


Y-axis completes the right-hand system. 
Same as above "preferred," alinement 


“Landing Site: 
(CSM ané@ LA) 


DOT 
Circulari+- 
zatioa 
PDI 
Landing 


“Preferred” At burn ignition, the FIAI will 


(CSM only) defioition. display: Roll =0 
(beads up) Pitch = O 
Yav = 0 I 
LM ascent "Liftorr” Xmweris elong positive lunar radius At nominal liftoff time, the 
Rendezvous (CSM & LM) Vector at lending site at pre- UM FDAI will displey: 
dicted liftoff time. Rell =» 359 
Z-axis down range parallel toc the Aca 7 eo 
CSM orbital plane and perpendicular . 3 
: to X. 
ae Y-axis completes the right-hand system. 
' “Preferred” Same as above “Preferred” . alinement In a heads down orientation 
(heads down) definition. a at buro ignition, the FOAL 
will dispiay: Roll = 0 
Pitch = 0 
Yaw = 0 
: | Same as above "PTC" alinemens. fT | az above "PTC" remarns. | 
: “Entry © X-axis is in local horizontal plane At entry interface with wings 
ras (CSM only) {mn the direction of fligns at entry level loca horizonta., heat 
43 entry interface (400 000), shield forward, inplane, lirt 
Z-axis id dowd along negative radius Ue needs cova the est 
at entry interface Sispi eye Wott eee 
; 7 ; Pitch = 180 
; Y-axis completes right-hand systen. Yaw #0 
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V04 NOG Ftashing 
R1: 00001 
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1 — Preferred. 2 — Nominal 
3— REFSMMAT. 4 — Landing Site 


V01 N70 Flashing 
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C — AOY Detent 
O-COAS CAL, 1 — FL. 2 — FC, 3- FA, 
4— RA, 5 — RC, 6—-— RL. 7 —- COAS 

DE — Celestial Body Code 


VS1 Flashing -- Piease Mark 
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V37 Enter, 52 Enter 
V04 NOG Flashing 
At: 00001 
A2: OOOOX IMU Align Option 


1 — Preferre , 2 — Nominal ‘ 
3 — REFSMMAT,. 4 — Landing Site ee 


V01 N70 Flashing 
R1: OOCDE 


C — AOT Detent 
0-COAS CAL, 1 —-FL. 2 —FC.3—FR, 
4— RR._.5 —RC,6 — RL. 7 — COAS 

DE — Cel stiai Body Co e 


VS1 Flashing — Please Mark 
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100:04 


UNDOCK ANO SEPARATION TO REV 12 LS TCA 


PREP FOR UNDOCKING 
USE ACTIVATION & C.0. 
C/t TO 10 MIN BEFORE UNDOCK 
-10 CHECK ATT (0,286,060) 
V48 21012 
LM WT (36,636) 
PRO. V34 
VO6N20 COPY LM AND CSM ANGLES 
-) = P47 
UNDOCK & SEPARATION 


WE RYOTE) 
poo, veo RIM 


YAW LT 60° 
PITCH UP 90° 


*SEQUENCE CAMERA - ON (3 MIN) 


+3. FOAI (0, 036, 0) 

*VHF ANT - FWO 

*SEQUENCE CAMERA - OFF 
HELMETS & GLOVES - OFF (OPT) 
REVERSE HOSES 

*SUIT GAS DIVERTER - EGRESS 

*CABIN GAS RETURN - EGRESS 
YPGA DIVERTER--IV 

*S-BD ANT - AFT, VERIFY COMM 

*vS- BO : ry 


eno (205) 
*s. BD wnt “SLEW (+3.0) 
*TRACK MODE - AUTO 
*VKF B XMTR - OFF 
*BIOMED - LEFT, PCM - HI] 
*UPLINK SQUEiCH - OFF 
VOICE N2O ANGLES TO MSFN 
FROM MSFN 
~~ *COPY REV 12 LS TCA 
*UPDATA LINK - DATA 
UPLINK CSM $.V., PIPA VIAS, 
RIFT COMP 
*UPDATA LINK - OFF 


___:(100:13:56) 


* »& 


*»eeeehnee & 


100:46 


+18 


+28 


*CAMERA SETTINGS FOR REV 12/13 TCA 
*1M3/DAC/10/CEX-ULC (€2.8, 250, @) 
* 1FPS, .05 MAG, (5 MIN) 
*LM/OC/60/HCEX-(£5.6, 250, =)5 


ITTLE CHECK 
*CB(16) STAB/CONT: ENG ARM - CLOSE 
THROT CONT - MAN/COR 
TTCA (BOTH) - THROTTLE (MIN) 
*VERIFY MSFN CONTACT 
ENG STOP - PUSH 
ENG ARM - DES (DES REG LT - ON) 
TTCA MIN (6.6% - 13.4%) 
THEN SOFT STOP (46.2% - 59.2%) 
THEN MAX (93.6% - 100+%) 
THEN MIN 
ADJUST FRICTION 
MAN THROT - LMP 
*REPEAT TEST FOR LMP TTCA 
ENG ARM - OFF 
*CYCLE CWEA (OES REG LT - OFF) 
ENG STOP - RESET 
THROT CONT - AUTO/COR 
TTCA (BOTH) - JETS 


APPROACH TO LANDING SITE 


V83, SET ORDEAL ON COR FOAT 
PITCH TO OBSERVE LS 
FOAI (0, 340/346, 0) 
* SEQUENCE ver - ON (5 MIN) 


*>eee 


— 


& 


(109:46) 


Lea 


REV 12 LS TCA TO AGS ACTIVATION 


| X 


| +33 me — *SEQUENCE CHRTRA OFF * 
f RENDEZVOUS RADAR CHECKOUT Y 
f GUID CONT - PGNS, MODE CONT (PGNS) - AUTO eet 
[ V49, 000.00(0G), 331.00( 1G), 000.00(MG) PRO 
f FOAS (0, 344/33), 0) N25 
q CB(11) AC BUS A: RNDZ ROR - CLOSE 
LPD CALIBRATION 
U PRO, ENTR 
() N70, ENTR 037 (NUNKI), PRO 
[ N87, (+35954, +32018) PRO, PRO 
1 CB( 1?) PGRS: RNOZ ROR - CLOSE OETENT CL 
*VHF A XMTR - VOICE/RNG * CB AOT LAMP - OPEN , 

U / TEMP (10° - 75°) POO | | 
B| RT/ERR HON - RR PGNS MODE CONT - AUTO 

RR SLEW, MANUAL LOCK-ON, RR LGC 

TM - RNG/RNG RT AGS ACTIVATION 


TO0 V63, PRO, NO TRACK LIGHT OUT, PRO, N78 -17 (LOS -5) *AGS STATUS - STBY (MASTER ALARM, * 
+53 & AGS WARNING LT - ON) bs 
COMPARE N78, VHF, TM *B(16) STAB/CONT: AEA - CLOSE * a 
V34 * (AGS WARNING LT - OFF) * Ks 
#VHF A XMTR - VOICE * - CB(}1) AC BUS B: AGS - CLOSE N 
V41N72E (+00000 TRUH, +28300 SHFT }bom *RECORD TIME ; : * 
CB(11) PGNS: RNOZ ROR - OPEN *AGS STATUS - OPERATE (MASTER 1 ALARM, * 
CB(11) AC 8US A: RNDZ RDR - OPEN & AGS WARNING LT - ON) * 
V¥44, RR - SLEW *02/H20 QTY MON - C/W RESET * 
RT/ERR MON - LOG ROR/CYFT:: “ATT MON (LMP) - AGS rn 
*COPY CSM CIRC P7€ & #)IgQ ABORT PADS * *V16 N6SE * 
*SET DET YO COUNT NA TO CSH CIRC * *SET AGS TIME USING 100 HR BIAS * 
-35 IMU FINE ALTGN 377 (+00800) * 
oan Sanna *616+0 ——— * 
P52 OPT 3 
CB(?1) AC BUS B: AOT LAMP - CLOSE MOR ee (4604910) : 
AOT - DETENT F/0.0° #225 (+29365) ? 
PGNS MODE CONT - AUTO Se 
1ST STAR DABIH (241) *226 ss (+6.0423) = 
PRO, RCD GET #305 {-01751) * 
ail ee AL PHERAT? TTT “662 (84776) ; 
PRO & me 4 * 
101:1¢ 101:20 673 i (-320) ) 


101 :20 AGS ACTIVATION TO BACKSIDE 


oe *____* 10135 CoM CIRCULARTZATION ss: —:__—(107:34:55) 
"B76 (UPDATE CSM S.V.), PRO 
. *V25E LOAD AGS K FACTOR UPDATE . Cp ee 
*414+} * *PCM - HI , 
*400+3 (AFTER 50 16) . “V47, 41441 ; 
Speico ume aN OR 7 SR V83, SET ORDEAL 
CONFIGURE COMM FOR LOS 10) i *317R. 440R. PCM - LO 
-13 *MATCH INDICATED ANGLES ‘ +41 eo 
ate: ie ~_*READ AND RECORD INITIAL CAL.NOS. —* 
: v—i"'85} : PGNS MODE CONT - ATT HOLD 
s * a * 
| *VHF BXMTR - DATA, PCM - LO : Sen een eu AGE Baa ok ae ae 
LOS *UPLINK SQUELCH - ENABLE * RATES : 0 075°/SEC 
Tr *S-BD ANT - FWO (AFTER LOS) < *400+6, START WATCH * 
+23 *400R & 
MNVR YO AGS CAL ATT 
PR TO As MONITOR ECDU LIMITS 
weea: sooner, ROLL. + ee OGA +31500 / +00000 
+02250 IGA PITCH + 14} FOAL TCA GUnG0L /akGaCGG EAM : 
a 8 MGA +00000 / +04500 : 
— __ : 1) 
ASS _ASTENALON COT BEFORE LIMITS ARE EXCEEDED, 400+0. 
~~ *4J2R41 SELF TEST SATISFACTORY . IF TIME IS LESS THAN 5 MINUTES 
terre a : REPEAT AGS CALIBRATION 
* 44 MEMORY TEST FAILURE ° 
* +7 LOGIC & MEMDRY TEST FAILURE * 
*574R DESCENT. STAGE {+ NOT STAGED)  * eee ee : 
*604R LUNAR SURFACE FLAG : ance : 
* (+ NOT ON LUNAR SURFACE) ' 
*612R STAGING COUNTER (+0 NOM) * a i aa 
*232R +00600 : 
*233R +00250 “ NIT CAL t Us | 
*464R +00500 : -=8 
*465R +00195 : zi 
*623R +00000 ‘ : 
*514R -53334 : 
*515R -47371 : 
*516R +00000 . | 
*000 +888888 {OPR ERR LT - ON) - 
w 
101-35 123 -45679 (00 NOT ENTR) * 101-55 


Ln tia) 


BACKSIDE TO PDIg 


GUID CONT - PGNS, MODE CONT (PGNS} AUTO 102:20. ROP TEST - LOG 


V49, 000.00(0G), 310.00(1G), 000.00(MG) POWEP S'GNAL LIGHT OUT 
FOAY (0, Xxx/3710, f) | 


P TEST MON - ALT/VEL XMTR (2.3 - 5.0), AGC 
; X-PNTRS PEGGED UP, LT 
™ (80090 + 10C)/H £-480 + 2) 
*RESET DET TO COUNT ON TO PDIQ * U V63 12 OPT 2, PRO 
*S-BO ANT - FWD, VERIFY COMM * [| N66 8286 + 10. ANT POS 1 (00001), PRO 
*.’S-BD P (+166} * N67 Vx (-00495 + 2), Vy (+01862 + 2), 
: Y { -38) * Ue {201331-* 2) 
*S-BO ANT - SLEW (-3.0) « V34, ROR TEST OFF (ALT -0, POWER SIGNAL 
; *TRACK MODE - AUTO ‘ ; a ee ON, X-PNTRS - CENTERED) 
“VHF B XMTR - OFF * . CB(11) PGNS: LOG RDR - OPEN 
l *BIOMEO RIGHT, PCM HI ‘ 0 UPDATE FROM 'SFN 
f *UPLINK SQUELCH - CFF * rT UPDATE LINK - DATA * 
j *S-BANO FUNCTIONS ~ RANGE * ' UPLINK CSM/LM 2. ‘/. PI A 
*VOICE AGS CAL. “OS. TO “t3FN DESCENT TARGETING 
-20 DPS PRESS + C.0. *cOPY PADS FOR . 
slice | * NO POI + 12 ABORT * 
i PRPLNT TEMPZPRESS MON - DES 1 & 2 1 * PO! * ‘s 
, FUEL 50°-?5°F 50-130 PSI ; * PDI EARLY ABORT * do 
0X10 50°=75°F 30-80 PST | * PDI LATE ABORT “ 
U HELIUM MON? SUPCRIT PRESS 1070-1579 * 12 ABORT * 
[ : AMB PRESS 1495-1750 l a: TS TAG . 
i DES He REG 1 th - GRAY. REG © tc - bf [ *UPDATA Link - OFF * 
MASTER ARM - ON *V47, 41441, 400+3 : 
: DES PRPLNT ISOL VLYV - FIRE ¥83, SET ORDEAL 
He PRESS/DES START - FIR: *317R, 440R, 277R ‘ 
MASTER ARM - OFF 
| PRPLNT TEMP/PRESS MO: 2:S 1 & 2 ALT CHECK - 
[ FUEL & OXID $0°-90°F 20%-250 PS! (| -i0 MODE CONT (AGS) - ATT HOLD 
HELIUM MON: AMB PRESS 200-1110 i GUIO CONT - AGS 
- SUPCRiT PRESS 1670-1570 : NVR TO AND MAINTAIN FOAL (0. 295/XXxX, 0), 
B} -15 CANDINC RADAR CHECKOUT [ 
| CET11} PGNS: LEG ROR - CLOSE | -0:10 POI LMK LPD ALT CHECK 
\ CK TEMP (60° - 95°) 5 
i X-PHTRS - HI MULT 5 PO!, : (102:34) 
fl MODE SEL - LR [ *SEQUENCE CAMERA - ON (5 MIN) * 
| TM Se - H/H | PITCH TO O8SERVE LS 


LOG ANT - ATO 
1C2. 20 102: 


aah 


= = =i, oe a _ . 


‘08° TANDING STTE OBSERVATION 

"7 *SEQUENCE CAMERA - OFF 

| 

! *CAMERA SETTINGS (PDE) 

1 *LM3/DAC/10/CEX- 

i *(#2.8, 500, ~} 12 FPS, 

j * 0.75 MAG, (6 MIN) 

; *LM3/0C/60/HCEX-(£5.6, 250, =)10 
*RELOCATE CAMERA 

i GUIG CONT - PGNS 

SS 

TO2 TMU FINE ALIGN 

+50 +16 V76 


103:10 


P52 OPT3 

CB AOT LAMP CLOSE 

AOT - DETENT F/0.0° 
PGNS MODE CONT - AUTO 


1ST STAR OABIH 28) 
PRO, RCD GET 
2ND STAR ALPHERAT2_ (307) 


NOS ANG OIFF 

PRO : 

se Doses (MAX ) 

. 370) 

; . 830) 
Z oe) 

PRO 

N25 


COAS CALIBRATION 


PRO, ENTR 
N70, ENTR 044 (ENEF), PRO 


DETENT CL 
C8 AOT LAMP - OPEN 
POO 

*400+3 


PDI TO BACKSIDE 


> ete & & 


BIAS AZ__ 
N87, (+00000,+00000)PRO, PRO EL 


103:10 


SR 
103 
+34 


103235 


-55 


P63 TON ALGORITHM TEST 
oa: - | eueneeer e eea areas 


PGNS MODE CONT - AUTO 

N18 R, P, Y (0, 117, 3130) PRO 
YAW LEFT 50° 

POO 

V48, 22112, 00011, PRO, V34 


CONFIGURE COMM FOR LOS 
~ *MATCH INOICATEO ANGLES 
*TRACK MODE - SLEW 
*S-BO ANT - AFT 
“SET P_(_ -3) 
* Y_(+#39) 
*VHF B XMTR ~ DATA 
*PCM - LO 
*UPLINX SQUELCH - ENABLE 
*S-BD ANT-FWO (AFTER LOS) 
COAS TO OVERHEAD WINDOW 
VERIFY LOOSE GEAR STOWED 
RESTRAINTS ATTACHEO 
VERIFY FOAI'S INERTIAL 
PRE-PDI ECS CHECKOUT 
CONNECT HOSES NORMALLY 
HELMETS AND GLOVES ON 
*CABIN REPRESS. - CLOSE 
*SUIT GAS ODIVERTER - EGRESS 
*CABIN GAS RETURN - EGRESS 
*PRESS REGS A&B - EGRESS 
*RESE? DET TO COUNT ON TO POI 
PRE-PDI SWITCH SETTING CHECK 
*VHF ANT - FWO 
CB(11)AC BUS B: INV } - CLOSE 
*SELECT INV 1 


e+ tee # H 8 


*neetene & 


sea 


BACKSIDE TO PDI 


103:35 104-10 AGS INITIALIZE 


THROT CONT - AUTO 
CDR TTCA - 7HROTTLE - HIN 
*LMP TTCA - THROTTLE - SOFT STOP * 
RATE SCALE - 25°/SEC 
ATT/TRANSL - 4 JETS 
CHECK OPS, APS, RCS, ECS, EPS 
UPDATE FROM MSFN 


GO/NO-GO FOR POI 
COMM CHECK WITH CSM 
RESET WATCH 
-1:00 MASTER ARM - ON 
MODE SEL - PGNS 

*367R * 
~0:30 ENG ARM - DES 


Cu(11) STAB/CONT: AELO - CLOSE -18 *V47, 414+) * 
C3(11) STAB/CONT: ABORT STAGE - CLOSE [| *¥83, 317R, 440R * 
RESET ENG STOP PB i *240 + (231 RLS PAD) * 
SET WINDOW BARS | *254+02897 : 
*262-00136 . 
*S-BAND FUNCTIONS - CWEA ENABLE* 
*CB(16) STAB/COMT: AELO - CLOSE * MODE SEL - AGS 
*CB(16) STAB/CONT: ABORT STAGE - CLOSE* . SrSCENT-THITIATION 
i POWERED DESCENT INITIATION 
"CYCLE CWEA CB * gp} -10 ——V25 NOSE (IF NO UPLINK) 
“BATS 5 & 6 HORM FEED - ON * i PGNS MODE CONT - AUTO 
*ECORO GET ene S * ; a MODE CONT - AUTO 
pea ere * 6 
*S-~BO ANT - FWO, yeniry COMM * i. AUDIO MODE (BOTH) - Ho 
*,'S-BD P (23 * PRPLNT QTY MON - DES 
4 Y (+33) /OPS CONFIG CARO 
*S-BD ANT - SLEW (~3.0) * -2 *RESET OFT * 
*TRACK MODE - AUTO * N18, R, p, y £0, 119, 310). c 
*VHF B XMTR - OFF * VERIFY FOAI 
*VHF A XMTR - VOICE/RNG * 4 *V40N20€, 40043, 410+0 * S 
*BIOMED - LEFT, PCM - HI * *400+], 433R VI * 
“UPLINK SQUELCH - OFF * -5 CB(11) PGNS: LOG ROR - CLOSE 
: f, “ALT XMTR 
\*VOICE ASC BATT ON TIME TO i4SFN . f - PRO - FINAL TRIM 
[) ENTR, DET 
[| 
[| 
[| 
[) 
() 

*UPOATA LINK - DATA : -0:07.5 ULLAGE ; F 

UPLINK LM S.V., RLS, -0:05 PRO 

MSEN GYRO DRIFT COMP f} 0:00 POT (104:28:55) \ 
*UPOATA LINK - VOICE BU * Bi +0:02 (NO 1 rch N) - TART PB - PUSH | ah 
TEGRY. DES RLS: (237 fas. *~ | +0:05 DES ENG CMD OVRD - ON ee 
(7BURN ABORT RULES] i MASTER ARM - OFF : 
L 


, a om Se oe ee ee © oe © ee ee ee ee es es @ oe = 


=i 
2 
fe 
BA 
© 


— TL = 


PDI THROUGH TD + 3 MINUTES 


-1:00 MASTER ARM-ON 
MODE SEL-PGNS 
367R 

- :30 ENG ARM-DES 

- :07.5 ULLAGE 

- :05 PRO 


+ :02 (NO IGN) --- 
START PB-PUSH ; 
+ :05 DES ENG OVRO-ON “ant no 
MASTER ARM-OFF 
+ :26 THROTTLE uP 
/T/W > 1.6 - i - mai 
+2. V21 N69E (DN RNG) 


+3 YAW FACE UP 


ra Ee —— : = - 
Pea (-HMAX) VH 
P64 -KDOT [OPS K362) 
ae RR QQ Ga : : | 
p64 + 15 SEC: y 


$NO THROTTLE ON j 
() - ABORT 


dwuaneueaun5a!4 


1274} 


+4 . v7 ED BATTS o 
V57E TO PERMIT : 90 cg 
LR DATA at ~ 
DN RNG, ks . 
+5 V24 N69E ( ee a aoa MODE CONT (PGNS)-ATT HOLD | 4 
-301 74a1+17000 [Pes)} 
+16000 ° a 
———] X-PNTR - LO MULT 
/ BINGO FUEL 
a DES OTY LT+1+31 
fcaceren wien wn ee -4 


EVAL MAN CONT 


+8 V23 N69E (ALT) 


ENG ARM - OFF § ABORT STAGE - PUSH 6 
223+00120 (€ @ 12K){ 8:30 PRO. g ENG ARM - ASC § 
360-OXXXOE DES ENG CMD OVRD - OFF = @ ENG STOP - RESET § 
SEQ CAMERA - ON MODE CONT ieee) a HLD ENG START - PUSH ( 

413+] 

RECYCLE PARKER VALVES Rabie eee 


be ee ee 


eu 
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LM LANDING DISPLAYS 
P63,P64,P66 


Yas, Rolt Attitudes 


Uirdea| c ) 


Pitch Attitude 


Pitch, Yow, Goth Avitude ities 
NTH CVO 
ASSENVEALS 


C3 GLIDANCE 
COMPUTER 


| 


Attitude Errors 
(DAP @xtouta] 


‘ituic Freves 


7 = 


Forward/ Lateral Velocity 


34 sevlbae | 


ag gh * 


Baginiacgk & 
if ©? os a ey 


Altitude ’Altitude Rate 


| AwO./RNG AT, ALT.ALT, RT || 


| iOCAT OR 


Ri: Slant Range 
R2: Time-to-go 
R3: Oelw HK 


VIE>65 


Antenna Position 
ee RI: Time.to-go 
V06N61 R2: Time from OPS Ignition 
Ra: Crosarange Distance 


VYolocity Data 


LANDENG = | 263 
RAQAR 


VOONG2 


Ri: Delta Altitude LR >LGC) 
R2: Tim from DPS [gnitico 
R3: Measured AV 


LM 
GUIDANCE 
Mange Lats C@MPLTER 


Ri: Time-to-go/LPDAagle 
R2: Altitude Rate 
RS: Altitude 


P64 VO6BN6¢ 


Ri: Forward Velocity 
R2: Altitude Rate 
eis eee RI: Altitude . * Labels shows are not on |gnte. 


| e 


a 


LA WEL iwia) 


FWO VEL (LGC) 


DESCENT DISPLAYS 


K.y, &Z OKES 
| GASTA rm—— 6007 AATES 
INERTIAL GIMBAL ANGLE SEQUENCE Reha IRTS 
MEASURMENT TRANSFORMATION ASSEMBLY 
UNIT a - | 
“ FDAL 
cadet tae Sd eee FLIGHT OCIRECTOR 
\ ATTITUDE mOw | ATTITUOE INDICATOR: 
t \ 
| SGNS | 
y ' 
t 
 ® | 
Y t 
eee aces feet 
ROLL r 
=! Beck ott upe ennons | COUPLING DATA UNIT 
i 0 <O-] 
= i 10 A/D SECTION 
RATE /ERR MON ATTITUCE MON 7 
an | ae ARNOT RADAR 
A Sy pedi DIGITAL AUTOPILOT 
ie EQUATIONS — LGC 
46S mai ivy 
oa GieaSsAt RATE 
es LOG RDR /CMPTR AGS ATTIT UGE TO BODY Mate 
FRAORS T RA SF aT aAcou's 
FLIGHT OIRECTOR a 
. (res) A ThWw i Shy 0 O PRESENT - 0 COESAMTED 
PITCH 5 ATTITUDE INDICATOR SPITCH |=] 0 cosMcosO siwwM | | I eResewr-I cewaen 
A ROLL O Ccoso SsewvO cosd MoRESENT—- MeESIREO 
@ 2 o 16 . 7 O = QUTER GIMBAL ANGLE (x) 
—_— _==. {= }: I = IWNEA GemBOl ONGLE Cy) 
6- -76_“-~ M = MIOOLE GMBAL ANGLE (2) 


ORDEAL 
ORBIT RATE DISPLAY 
EARTH & LUNAR 


| FLIGHT DIRECTOR ATTITUDE INDICATOR | 


ALTITWOE —LA 


RP SHAFT RATE 


ALTITUDE—L6C ' 


O,[, MOesirnFeo » DESIRED COU ANGLES 
O,1,M PRESENT = PRESENT COU ANGLES 


RANGE_-RA 
ee 


| 
O | | ALTITUDE — AGS ol 
j | ’ i 
| RA ! i f | ' 
LA WEL [WTA] I TEreeNION RAT - 
SE | i MODE SEL RNG/ALT MON 
LATERAL VEL (LGC} oe. a ‘ L@G RoR RNG /ReeG RY 
| I 
LAERAL VEL (AGS) | : —O | PENS 
| | | 
| I acs ALT/ALT At 
\ uF I j 
MOBE SEL RAT f AR WON a POINTER QLTIT uoE RATE = 1. Pr 
LOS RAOSR RNOZ RABAR He MULT = — he 
LTT RAATE—1 GC 
BNE ALTITUDE RATE - AGS 
; et 
£65 LNOG ROR/CMIR LO MULT 


& POINTER INDICATOR 


RANGE/RANGE RATE, ALTITUOE/ALTITUDE RATE INDICATOR 
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+ PITCH 
sat 5 


LM 


= —_—_ —_.»_ 


ASTRONAUT FLIGHT STATION 


MODE C@®NTROL 


gis EEL AT ee 
a 


COMMANDER'S WINDOW 
1ANBIXG POINT DESIGNATO! ON 
COMMANDER'S WINDOW ONLY) 


f A\_- 


-ROLL =LEFT fe 


+ PITCH = SAORT 


17 IMPULSE 1°/IM PULSE 
PITCH ATTITUDE 
ROLL | 
CONTROL 
ATTITUDE So 
CONTROL ATTITUDE \ 


CONTROLLER 
(PISTOL-CRIP HANDLE) 


0687 


ASTRONAUT FLIGHT STATION 


(rae 


AUTO 


ee gD Ie see ee eee Oe 


MODE CONTROL 


LANDING PHASE MODE CONTROL 
P66 


RATE OF DESCENT 
(ROD) 


CENTER 


rove 


TE 


cé681 


"] 
q . 


* : 
SCALE 1:250,000 
i: 


KILOMETERS 
NAUTICAL MILES 
STATUTE MILES 


EGa) 


18-94 


LBO6 : = 


lst PS? 


P57, R2 00003 
NO6 00010 
00001 
00110 
(No Att light-On/Off. Twice} 
NO4 + Navigation Error (0.01° ) 
VI2E (Recycie) 
NO4 
PRO 
N22 I1CDU Angles 
PRO (No Att light-On/Off} 


3rd PST 


lst STAR 


___ (0.015 


2nd STAR 


2 A O1S} 


Star Angle Difference (0.01%) 


X% Torquing Angie (.UU3°} 
Y 
vA 


NOS Angle Difference (0. 0t° ) 
PRO 
N93 X Torquing Angles (0.001° } 
y 
Se ae SSL 
V3I4E, POOE | 
| 2nd PS7 
P57, R200003 P57, R2 00003 
PRO PRO 
NO6 00010 NOG 00010 
00002 00002 
00110 00110 
PRO PRO 
N70/71 lst STAR N70/71 
N79 N79 
Cursor (0 02 Cursor 
Spira | Spira 
PRO PRO 
N79 N79 
Cursor Cursor 
Spiral Spira 
NT9 - N79 
Cursor Cursor 
Spiral Spira 
PRO. PRO PRO, PRO 
N70/71 2nd STAR N70/71 
N79 N79 
Cursor _ . (0.0i°) Cursor 
Spira Spiral 
PRO PRO 
N79 N79 
Cursor Cursor 
Spira Spira 
| PRO PRO 
N79 N79 
Cursor Cursor 
| Spira Spiral 
| PRO, PRO PRO, PRO 
|) N@s5 Star Ang e Diference @,@1°) N05 
PRO oe PRO 
N93 X Torquing Angle (0.001°) N93 
Y 
ee, SeTRaeT Parnes aera 
PRO (Gyro Torquing), PRO (Gyro Torquing), 
GET ‘ : GET : 
N25 00014 N25 00014 
ENTR ENTR 
N89 a Lat (0.001° } N99 


Long/2 (0, 001) 
Ait 0.01 ami) 


Consult MSFN 
PRO - (UPDATE RIS} 
V34E = (TERM) 
POOF 


Hitt (0.0017 ) 


Long/2 ©. 003°) 
AM (0. 0% ond) 


Consult MSFN 


PRO - (UPBATE RLS) 


V34E - (TERM) 
CB (11) AOT LAMP 


POOE 


Open 


ee ce eee 


Nags 


LB 96 


sth Pas 
P57, Set RZ 0Q004 
N34 Load LO Time, PRO 
NOG 00010 


0000;3 

00010 — 
PRO 
(No Att light - On/Olf, Twice) 
NO4 ! Grovity Errov @.OLF 3 


“E2ZE (Recsvcley 
NO4 + Grits Error (0. a1) 
PRO 
N22 ICDU Angles 
PRO (No Alt light - On/‘Oft) 
N70/71 STAR ID 
N79 
Cursor (0.01°) 
Spiral 
PRO 
N79 
Cursor 
Spiral 
PRO 
N79 
Cursor 
Spiral 
PRO, PRO 
NOS Star Angle Difference (0.01%) 
PRO 
N93 X Torquing Angles (0.001°) 
¥. 
6 
PRO (Gyro Torquing), GET: 
N25 00014, ENTR (TERM) 
POOE 


Kh PS? 


or OY 


P57}. R2 0000-4 
N31 Load TIG. PRO 
N04 00040 
00090:3 
00110 
PRO 
(No Att light - On/Oft, Twiee) 
NO — Gmivity Error @, 01% } 
VIZE 
N04 + Gravity Error 
PRO 
N22 IC DU Angles 
PRO (Xo Att light - On/Oft) 


N70/71 STAR 1D 
N7$ 
Cursor _ (0.01°) 
Spiral 
PRO 
N79 
Cursor 
Spiral 
PRO 
N79 
Cursor | 
Spiral 
PRO, PRO 
NOS CCS Angle Difference ©.01°) 
PRO 
N93 _X Torquing Angtes 0.001°) 
Yy 
ris 


PRO (Gyro Torquing), CET ; 
N25 0@14, ENTR (TERM) 
POOE 
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APOLLO 15 P57's 


The purpose is to measure and determine the direction of gravity 

in NB space as-m:easured by PIPA's in SM space. The first gravity 
error angle is the dot product between rys (navigated) and measured | 
&Ls. Subsequent gravity error angles are the angles between suc- 
cessive gravity measurements, 


First P57 The N93 is not normally torqued primarily because of uncertainties 
| in Ty} (navigated) at PDI. 


Technique 3, S, =) By (NB) = [SMNB} &1s(SM) 
Option 3 


[SMNB] (REFSMMAT] ry og (navigated) 


it 


Sa =) Fyg (NB) 


cos” *4 Unit fie (NB) Unit tie (np) = Angular Separation 
| The pur pese is to align the SM to the predescent landing site REF- 
SMMAT and calculate coordinates of the landing site. N93 repre- 
sents gyro drift over the interval from the last P52 provided the 
| N93 in the prior P57 was not torqued. The drift terms will include 
| acceleration sensitive terms due to descent and 1/6 g. 


Second P57 Unit gus (NB) determined from the first P57 can now be accurately 
transformed to moon-fixed coordinates and displayed. If gys 
coordinates are accepted {via PROCEED), they are converted and 

| Stored as Ty), in moon-fixed space. 


Technique 2, 
Option 3 
Unit Zp 5 (MF) = (Mi(t)}{ REFSMMAT]_ [NBSM} Unit ZLS (NB) 
Where M(t) ts the transformation between ECI and MF space, 


— Ee ——————ee 


Se 


| The purpose is to verify the landing site coordinates of the second 

Third P57 P57. The procedure is the same as the second P57 except for gyro 
drift which cannot be accurately calculated due to the short interval 
of time. Some difference is expected due to sighting inaccuracies 
of the AOT. 


Technique 2, 
Option 3 


| The purpose is to initially align the platform after power up to the 
liftoff REFSMMAT at TIG. The measured vectors (Sp) are gravity 
| and one star (technique 3). 


Fourth P57 


| Landing Site ~ = . | 
SAI | REFSMMAT Su CSM | ECt 


Technique 3, 


; | 
| 
: | “eng sass. * Mgyy!! “ec | 
Option 4 {| =  % : _ Hh 7 
Unt © Mxaiel cr | f Xs 
| LSy ig! | “so | we Ata *sa 
Sa vet ee Se Fie EL SMe Sp | Eat ys * Fa) oe] | Veg) 
Is Pec died) = = | aes | = 
Gnet (ep ec BS) é Vu s ’ 
vt Gist * ot JL osso | fo aD osu 


— "sy = 


leyp! 7CALGTA «GTA's 


The pur ose is to check the alignment to the liftoff orientation, 
If same TIG as above is used and CSM SV has not been updated, 
the N93 can be uSed for gyro drift. 


Fifth P57 
Technique 3, 
Option 4 
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LUNAR SURFACE ALIGNMENT 
AOT DETENT POSITIONS 


Right Rear 
Left Rear 
0° Forward 
*Y OM 
Inner} —_— 
: 
0 


aa | (T : 
7 ai NG & 


0] ‘e€z2e 
Middle fame . 
0 d ' 
J Ca. 


| 
| 
i 
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LUNAR SURFACE ALIGNMENT 


VERE 7 ENTR, 
57 ENTR 


VERB 04 NOUN 06 (FLASHING) 
SVECUF Y IMU ORIENTATION 
a. PREFERREL (00002) 

b. REFSAIMAT (00003) 

c¢. LANDING SITE {0000-4) 


PREFEQRED REFSMMAT 


| ¥TRE 22 ENUH. 00001 ENTR | VERB 22 ENTR, 0001) ENTR 
| 


VERB 05 RON 06 (FLASHING) 
SPECIFY ALIGNMENT TECHNIQUE 
a. STORED ATTITUDE (20000) 
h, STORED ATTIVUDE ¢ GRAVITY 
qv0oat) 


e. TWO CELESTPIAL MODIES (00002) 
a. ONE CELESTIAL ROBY + GRAVITY 
{0000-%) 


VERB 22 ENTR, GOOOX ENTR 


| TECHNIQUE 1 OR: 


EXECUTE THE GRAVITY DETERATINA- 
TION ROUTINE 

i VERG 06 NOLW 04 (FLASHING) 
i XXX. XX* (ANGULAR DIFFERENCE 
BETWEEN PRESENT ANY) PREVIOUSI,Y 
STORED GRAVITY VECTOR) 


TECHNIQUE 2 OR * 


dais PERFORM AQT ZEROF 


STAR SIGHTINGS ON 
CELESTIAL RODIES 
AS REQUIRE) BY SHY) 
7 ECHNIQUE 
CURSOR SPIRAL 
MEASUREMENT MEASUREMENT 


VERB 06 N@CK 05 (FLASHING) 
+XXX.XX* (ALIGNMENT ANGLE 
OIF FERENCE) 


C@NMPUTE AND STORE NEW 
: REFSMMAT AND ALIGN PU TO 
DESTRER ORIENTATION 


~ PS7 


LANDING SITE 


VERB 22 ENTR. 00004 ENTR 


VERR 06 NOUN 34 (FLASHING) 
TIME @F ALIGNMENT 


aeesr ll SE €ES]— 


[— ae 
TIME OF ALIGNMENT CAN BE MODI-| 


i EQ WITH A VERB 25 DATA LOAD 


TECHNIQUE 0 OR 2 


CRAVITY PEVTERMINATION NOT RELE- 


VANT TO) THESE TECUINIQUES 


TECUNIQUE 0 OR L 


STAR AQ’ N T USED FOR THESE TECHNIQUES 


Nels 


4%. COARSE ALIGN THE STABLE MEMBER 180" ABOUT THE 
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LUNAR SURFACE ALIGNMENT 
GRAVITY DETERMINATION ROUTINE 


1. COARSE ALIGN THE IMU TO THE FIRST ORIENTATION: xn 


OGA -~ #42° 
MGA ~ #26, 25° 
Wao ~ -$2° 


ey. DOWNRANGE 


Van 


PLACE THE [M8 IN AN INERTIAL MORE AND SAMPLE TRE OUTPUT OF CHE PIPA'S OVER A PERIOD OF 40 SECONDS. 
CTIA, My Ny: PIPA,). FORM A NIT VECTOR Ky 


PIPAY Xgup h PIPAY Yu * PIDAY, 45m 


mL a REL c 
/PIPAy + PIPAy * Pl \y 


——— 
a 


WHERE &, INDICATES THE DIRECTION OF THE FIRST ESTIMATE OF THE LENA GRAVITY VECTOR IN SM COORIMNAT ES. 


MEASURED GRAVITY VECTOR. 


x 
QGA ~ «FA We 
MGA ~ +35. 25° 


IGA ~ -42- 


7NB 
OOWNRANGE: 


4. PLACE THE Mtr IN AN INERTIAL MODE AND SAMUPLE THE OUTPUT OF THE PIPA's OVER A PERIOD OF 149 SECONDS 
{PIPAy. PiPAy: PIPA,}- FORM A UNIT VECTOR 2 


PIPA, NGAl + PIPA, Yon PEP AZ “SM 


rj 
o 


5 

PIPAy” + PIPAy + PIPA.,.~ 
where gz INDIGATES THE DIRECTION OF THE SECOND ESTIMATE OF THE LUNAR GRAVITY VECTOR IN SM COORDINATES. 

DEFINE A UNIT VECTOR Up, OUT OF g1 AKO By WINCH REPRESENTS THE DERECTION OF THE LUNAR GRAVITY VECTOR. 


Ug, = UNIT (Ry * Re) 


NOTE; THE Ris VECTOR 1S CONSIDERE!) TO BE COLINEAR WITH THE GRAVITY VECTOR. 
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LUNAR SURFACE ALIGNMENT - P57 


ABSOLUTE INERTIAL REFERENCE 


recHNIQuE LOS OIRECTION IN BASIC REF. COORDINATES 
a 


y 


= ca = el & 4 os 
Sa = it « ip) xyY lcd bed | A] Tae t 
(ape) fied) 


0 Sy 
(measured) 
S, - (Al tmcr «Sn * PBF isacs 
= > o 2 see 
legey < (REFSMMAT) 1.) =f BP CAL byicy 
LL.B ¢ y and +2 stored frum Previous Mien 
{P37. Pua) 
ai _ - eae - ao ? 
Sa” beps* 2% Fis] tue ® VAL Umer 
{specef{icd) - = 
Frys Zz 
ELs 
= = —= -< = yy re 7 
8, = {65% 2m) *6rs| tsmcS * [Bl tamcs 
) 


(nieuss ced | 


~— 


Bis* 2m 


is stored in MCt 


3 mf A ri 
louics (RE FSMMAT, MC 


(epecified) aie 
= 
SM 
Sy (Sas* Sud" sim | ISMCS = 1B) tomes 
(mcavynsd) 


Sim * Som 


= = at +. 
lemcs — | REFSMMAT) Imac) * 7 By Al Ines) 


Sa * rps" $,)* Ths Vasc 7 PAL Uae 
(specified) 


K Fis" 
cLS ] 
Sh (fLs" Sym) "Bus| ismcs ~ (4l Ismcs 


{ii ves card) 


= = 


Fis ° 34M 


ss z % = 
m WY °) ] 
lenses | UREPSMMATY Tac > 3 rey fAl Incr 


AC Muon Cenlered Inertial; SACS Stabile Setilere Cop elimate Sy olerwi 


2 ee eS 


5, eee at 
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p24 — LANDMARK TRACKING 


CSM Landmark Tracking Profile 


™~ <2 
vw —_* “= i) ~ vi. 
22-degree pitch down 32° i. ST 22 aly : 
from local horizonta) 4 
orbital rate eae” TCA T3-LOS ; re 
out tracking. ca, * 47° 
y; ‘ T2-AOS / 
/ \ / 
\ ; 
\ od 
x | 
T 1-Horizon Horizon 
Typical 


ATI = 290 seconds 
ATz = lou seconde 
AT3 = 45 seco de 


AQS to LOS = 148 seconde 


/ 
\ / Rudtua of Moon 


P24 RATE-AIDED OPTICS TRACKING 


CMC - on (req) 
18S - oo and aligued 

SCS ~ on 

BMAG MODE (3} - RATE 2 
G&N PWR OPTICS - o 

OPT ZERO - ZERO (verify) 
OPT MODE - CMC 


V37E 24E 


— _°*(T2 Ace) 


LAT, LONG/2, ALT (0.001°, 0.001", 0.01 am}) 
LOAD LMK C®@ORDS 

OPT Z RO - OFF 

PRO 


(T2 ACQ) 


Gage 


N89 LAT 
LONG/2 


AUTO OPT SHF/TRUN (0. 03°, 0. 001° 
e F 05 09 00404 (TRUN >» 90% 

e MNVR to acquire 
e PRO 

e or V34E, F 37 
OPTICS MODE - M N 


MARK REQU ST 
MARK (aa often ae deeired) 
To terminate 

PRO 


ee oe en ee a 


XXE 


ey epee ee ete ee ee Ace ACM) 
OPT ZERO - ZERO 


Nor Snmi_ _/SA _. _. TA — —_(T2 ACQ) 


N89 LAT 
LON /2 _ 


— ee ee 


NOTES: 
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P24 — LANDMARK TRACKING 
MARK.DATA 


IMU Gimbal 
Angles (degree) 


Shaft 


SXT Angles 
Trunnion (degree) 


IMU Gemboel 
Angles (degree) 


SXT Anges 


; degree) 
Trunniwn ~ 


IMU Gimbal 
Angles (degree) 


Shaft SXT Arigies 
{degree} 


Trunnton 


i 
I 
‘ 

F 
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P30-EXTEANAL Sv 


TE: 26 
V37 Enter, 30 Enter 


VO06 N33 Flashi 9g, Load Oesirad GE Fl 
“YO6 N81 Flashing, Load Desired AV 


a 


IMU Gerdes! 
Angies (deg) 


8T (min:s) 


Ave (ft/si 


Awe 


NOTES 


* | 


"aaa 82. 
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P30-EXTERNAL Av 


TEI 37 & TE 45 


V37 Enter. 30 Enter 
VOG N33 Flashing, Loed Oesired GE 1! 
V06 N81 Flashing, Loed Ossired Av 


—_—_ 


Lt | tt || te rt 
|p ek eee ll a 
alot Lu | eee ee et ei 
Le pen Hones 
(ioe a es Sik Gaia ae 
oof | a 
x[x{x] | x{x{x] [ [| 
/ 
p * IMU Gimbet 
Angies (deg) 
Bhew ea ES 
es is <a a 
oi Pett [_ 
ee ec CT 
PT forme ee 
A 
ra Tere 
= on =f 
en ed a 
swenuxrnons Pett xT | [ 
tt 
a 
GET 0.05 g | 
Hr:min:s 
es 
ee Ey 
eS a 


| 
| 
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P20_€ XTEANAL Av = 


Plane Change & TEI $2 
V37 Enter. 30 Enter 


V06 N33 Flashing, Load Oesired GE TI 
VO6 N81 Flashing, Loed Oesired Av 


PTT T= 
P| fs | | | Prop/Guidance 
coe 
eT 
eT 
eT 
efet 
aaa 
- 
~ 


Hours 


Minutes GETI 


E 
| 
ae 
| 


Seconds 


Avy iv 


AV? ¢ft/sh 


— 


=> = 
| IML Girmdel 

an ie F Anges idegi 

—_— = 
Exc ac i 
[| + £ 


pan) nd he Sees 
mw emma al a a 
| x BT {min 3) | mi 
et EAVC ltt/s) | a a 
: wee fet*fat=| | 


¢ 


SFT idegrees) 
TRN idegrees! 


BSS iCoas Stas) 


| 


| 
| | 


== 


+ 


RTGO tami €MS 


VIO (Fess) 


+ 


ere Feet 

Hromin $ 

| SETSTARS , 
; 1 

Tete] [em 
Pet ete} pb fy tam 
Pete txt fp | | vate 
| ULLAGE 

NOTES 


a ee ee 


——- 
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P40 - SPS THRUSTING CSM 
Plane Change 

V37 Enter, 40 Enter 
V50 N18 Flashing, Request Maneuver to FOAI R-?, Y Angles 
VO6EN18, -DAI RB, P, Y Angtés After Maneuver to Surn Attitude — 
V50 N*5 Flashing, R1 = 00204, Gimbal Actuator Test Option 
VIE KAD, Time from. ignition. Velocits: to be Gained. Measured Change in Velocity 
a -"GQ N40 Flast'ing, Engine On En:‘bie Request 
me ) V0O6 N40, Time from Cutoff, Velocity to be Gained, Measured Change in Velocity 
ba V16 N40 Flashing, -inai Values at Engine Cutoff 
V16 N85 Flashing, Body Axes Residuals tto be Nulled) 
V37 Fiashing, V82 Enter 
V16 N44 Flashing, Apogee Altitude, Perigee Altitude, Time to Freefall to 35 K ft Moon Orbit, 


— iz 300 K ft Eacth Orbit 
50.18 | Ron no | 
eae ceeeee 


= 


| 


sii 
Mi ttt Pht | x |X | x 


r 
a 
° pe 
= “sat atl 
- =I) 
2. 
i x a 
: 
=. zy eet 
| : 
a 
, +4, 
ee et 
rl ul ns 
| i I 
b 
b bap 4 ! 


TEI {min:s) 


ee 
» 
=e 
= 


VG (ft/s 


AVM (ft/s} 


oro 


06-40 TFC {mins} 


VG {fr/sl 


AVM (ft/s) _ 
16°40 | TEC imin:s} 


VG (ft/s) 
AVM (ft/s) 
85 x 


y Residuals 
{ft/s 


a 


TRIM 
r | | Y (fe/s} 
Et : 
| | ne 44 7 a HA (nmi) 
| = = HP (nmi) 
= 7] | a} TFF (msn:s) 


Tiina 


%wer 


. 8.108 


LUNAR O_ BIT PLANE CHANGE 


PROPULISION/ PRETHRUST 
16.5/308.6 | 165:12:50. 6 SPS/G&N 
_ [EXT 4V (P-40) 
+*Iix |x »h 


RESIDUALS (ft/a) 
(BODY AXIS) 


s__ {it/ay 
TRIM 


New Orbit’s Longitude 
of Ascending Node 


a, 
Nia, 
a, 


Old Orbit's Longitude 
of Ascending Node 


Note: Shadow {s with respect | oy Sun 
to the CSM orbit. | LOS 


* P, Y, R with respect to local vertical 


[ ) Earth 
LOS 
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P24 — LANDMARK TRACKING 


CSM Landmark Tracking Profite 


~ : 
2z-degree Pitch down =. eT 0° mz, ', 
from local horizontal Ay . Pe 
orbitgl rate through - $4: "3-108 a i" 
out tracking. %- i 
4 | 
7 \ 


Horizon 


T1-Horizon 


Typical] 


STi 2290 seconds 
AT2 = luv seconds 
AT3 = iS seconds 


AQS to LOS = 148 secends 


P24 RATE-AIDED OPTICS TRACKING 


CMC - on (req) 

ISS - of and aligned 

SCS - on 

BMAG MODE (3) - RATE 2 
G&n PWR OPTICS - on 
OPT ZERO - ZERO (verify) 
OPT MODE ~- CMC 


V3TE BE 


“2? sae °*{T2 ACQ) 


——— o_o e=_ ae oie === 


| F 06 49 LAT. LONG/2, ALT (0.001%, 0.00%° , 0.01 nimi) 
LOAD LMK COORDS 
OPT ZERO - OFF 
PRO 


NorSnmi____/SA _ _. TA_. — (T2 ACQ) 


N89 LAT aa ay ee bide 
LONG/2 _. _., 


06 92 AUTO OPT SHF/TRUN (0.01°, 0.0015 
e F 0S 09 00404 (TRUN > 90°) 
. MNVR to acquire 
e PRO 
e orV34E, F 37 
OPTICS MODE - MAN 


F $1 MARK ROQUEST 
MARK (aa often as desired 
To terminate: 
PRO 


F 37 AXE 
OPT ZERO - ZERO 


| ees OUP ae Ne ee: ACG) 


NorSomi_ _/SA _. _. TA — — (T2 ACQ) 


N89 =LAT 
LONG/2 _ 


L8-t10 


- P24 — LANOMARK TRACKING 
MARK DATA 


IMU Gimbet 
Angles (degree) 


SXT Angles 
Trunnion ‘Feoree) 


SXT Angles 


_ {degree} 
Trunnreon 


Hours 


[. 
f 
} 


Minutes 


Seconds 


IMU Gimbal 
Angles (degree! 


Sheft SXT Angles 
(degree) 


Trunnton 


3 NOTES: 


- — 


SS ee ee ee 
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P22—LUNAR SURFACE NAVIGATION ad 


a 


V37 Enter, 22 Enter 
V04 NOG Flashing 
A?: 000142 
R2: 0000 X {1—CSM will not change orbit, 
2—CSM will change orbit} 
V06 N33 Flashing 
Time of ascent {h, min, 0.01 s} 
V50 N25 Flashing (if RR Auto mode nat selected) 
R1: 00201 — switch RR mode to Auto 


Option Code 


Pert. 


Minutes 


(B-112 


P412—POWERED ASCENT 


V37 Enter, 12 Enter 


VO6 N33 Fiashing 

Time of aacent (h, min, 0.01 s} 
VO6 N76 Flashing 

Downrange vetocity, redisi velocity, croesrange (0.1 ft/s, 0.1 ft/s, 0.1 nmi) 
V50 N25 Flashing 

R1:00203 (switch Guidance Controt to PGNS, Mode to Auto. Thrust Control to Auto) 
VO6 N74 Fiashing 

TFI, yaw ofver rise, pitch after rise (min/s, 0.01 Gag, 0.01 deg) 
V99 N74 Flashing 

Engine on enable 
VO6 N94 Ftashing 

VGX, HOOT, H (0.1 ft/s, 0.1 ft/s. fr} 
V16 N85 Flashing 

VGX (LM}. VGY (LM), VGZ {LM} (0.1 ft/s) 
V82 Enter 

V 04 NOG Flashirig 

R1:00002 

R2:0000 X (1-thes vetiicle, 2—other vehicte) 

V16 N44 Flashing 

Apocenter eltitude, pericenter altitude, TFF (0.1 nmi, 0.1 nmi, min/s) 


Hours 


Minutes 


Seconds 


Desired Downrenge 
Velocity {ft/s} 


Desired Radial Velocity: 
(f2/s} 


*Croserange Distance (nmi) 


il ae of vies 


e (Octal 
ie cone of me 
Angle (Octal (AGS} 
224/226 Semimejor Axis 


et Insertion (k ft) (AGS) 


465 Target Redisa! Rete at 
Inaprtion {ft/s} (AGS) 


a 
(k ft) (AGS} 


373 TIG of TPI 
(min} {AGS} 


ca ee 
aa 


“Load 8 nmi if crossrange is pauster then 8 nmi. 


Seconds fame, 


NOTES: 


ware dae: PU 


LB-13 


se Se ee 


: P32—COELLIPTIC SEQUENCE INITIATION (CS)) 
V37 Enter, 32 Entar 
| VO6 N11 Flashing 

4 TIG of CS? th, min. 0.01 s) 

x VO6 N55 Flashing 


Number of apsidat crossings, elevation angle for TPIl (+0 000 x. 0.01 deg) 
V06 N37 Flashing 
¥ TIG of TPt th. min, 0.01) 
: V16 N45 Fleshing 
Marks, time from ignition, middle gimbal angle (marks, min/s, 0.01 degl 
V06 N75 Flashing 
QH ICOH), AT ICOK-CSI), AT (TPE-COH) (0.1 nmi, min/s. min/s) 
"a VO6 N81 Flashing 
: AVy {LV), AVY {LV), AVz {LV) of CS) (0.1 ft/s) 
VO6 N82 Flashing 
AVy (Lv), Avy (iv). Avz {LV) of COH (0.1 ft/s} 
V30 Enter (out of plane correction in final computation only) 
VO6 N16 Flashing 
Time of event (h, min, 0.01 s} 
VO6 N90 Flashing 
Y, YDOT, PS! {0.01 min, 0.1 ft/s, 0.01 deg) 


Hours 


TIG 
Minutes for 


CSI 


(t.GC) 


a : Laie 
= er +. mri 
a * a ss 


Hours 
TIG 

Minutes for 
TP 

{LGC) 


Seconds 


Av, Components of 
AV in local 
Avy, vertical coordinates (ft/s) 


373 TIG for CSI IAGS) 
(minutes) 


275 TIG for TPl (AGS 
(minutes) 


410 +14AGS-CSI), 605 + 00777 (desired cotan of LOS angle between LM and CSM at desired TPi in octat), 
416 + 1{compute CSI with COH at % orbit after CSI), 623 + O (orient Z body-axis paraltel to CSM orbit plane }) 


AVy Components of 
AV in local 
av, vertical coordinates 
used in AGS (ft/s) 
AV 


Z 


OO —— 


EE 


—_—- 


TIG-2 AYDIO MODE (BOTH) - VOX 
40C+1E GUIS STEERING 
RESET WATCH 
TIG-1 MASTER ARM - ON 
367k 
START CAMERA 
- :10 ABORT STAGE - PUSH{AT T=0 
ENG APM - ASC 
- :05 PRO 
+ :01 ENG START-PUSH (IF AUTO IGN) 
CHECK S-BD ANT 
+1:00 YAW RIGHT 40° 
623+] 
N76E (VH, Vv, 38) 
V16 N77E (Tgo, VY, VI) 
KEY RLSE 
+5:00 STOP CAMERA 
CB{11) PGNS:RNOZ ROR - CLOSE 
AGC -.7, AUTO FRK 
™ R/k, 317R 
COMPARE RR, AGS, CS? 
500° 
S00 FPS MAIN SOv (2! - OPEN- 
ASC FEED 2 (2) - CLOSE. 


200 FPS ctiG AR-GFFCIE IG» WAL AUTO 


O FPS ABORT STAGC-RESE’ 
EtllG STue - PUSE 


ORO.NULE RESIDUALS ( 2FPS: 
FRU 

STOP OET, RESET WATCr 

COFY SET 

ENG STOP - RESET 

PnNO 


‘MCC FOR TRIM OR Tweab 


FOR NO VOICE 
PGNS AGS DIFFER <10 FPS, 
TRIM ACTIVE SYSTEM 
PGNS,AGS DIFFER ~1D FPS, 
TRIM SYSTEM THAT AGREES 
WITH RR 

(10° IN OHW) (0° YAW) 


V82 


FOR AGS) 


ASCENT ASCENT MONITOR 


MANUAL ASCCNT {WILL NOMINALLY 
BE TARGETED 9 MIN LATE) 
CONFIGURATION NOMINAL EXCEPT: 


77/-6& [3050 | “Moog: cont - ATT HOLD 


| 2979 | PROFILE NOMINAL EXCEPT: 
7-STEP FOR DIRECT MODE 
-_ 2830 "i 


zy 

@O | w 
Oo | O 
oOo | oO 


a 
WO 
© 
Oo 
LUN) 


=~ 

4 0:15 

3:96 

14000 | 147/-13 | 2300 40-9 

“ 19400 2440 Sor 
6:0C 

| 25000 1980 7:00 


0700 1E29 
36300 | 154/-2 | 1670 


4-00 184.0 
4:30 
MSEN WILL CALL 2° PITCH AND 
6-CF ROLL BIAS COMMANDS FROM 
— GROUND TRACKING AT ABOUT 
=e 7 MIN, 
ol ASC OTY LITE-MAIN SOV(2)-OPEN? 
| &:30 ASC FEED 2 (2) - CLOSES 
7:00 59500 | 169/16] 840 | SHUTDOWN 
, ARM OFF 
| 7:15] 60100] 171/18} 770 | cranppy To RESET ABORT STAGE 


Pb AND DEPRESS ENGINE STOP 
Pb ON CALL FROM MSFN 


~_s= es | XY % | SB | | | 
NO AUTO IGNITION. 
WITHIN TO Ja cha ( 
_ GUIO CONT-AGS #6 
eri NO IGNITION § 
1. GUID CONT-PGNS § 
2. ENG START-PUSH § 


“Ce BeEeaeawewma pu 


=. wwe = 


ybi-al 


7 Z r - — Tate ae Be 
+ i ; Tg ee ag he = at 
af | = _ oe _ 
ee ati eee - a 
‘ae i Ane =, u 


INSERTION 171 :44:3 


V82 ATT CONT- 
¥76 PULSE 
AGS MODE CONT-ATT HOLD|MODE CONT- 
RR MODE-LGC AUTO 


SHFT/TRUN -5 
RATE SCALE 5°/SEC 
RNG/ALT MON-RNG/RNG RT 
*VHF ANT-FWD 
*400+#2 2-AXIS STEER 
*410+4 TPI EXEC 
*616+00005 ULLAGE 
#623+0 
*COPY AGS DATA 
AUDIO MODE (2)-ICS/PTT 
/INV 2, CB INV 1-OPEN 
CB(11) & (16) EO: LOGIC PWR-OPEN 
ml) ECS CASIN FANI-CLOSE 
ff 1-GO(NO- GO FOR TWEAKS 
“FOAL (6,257 40) 
*404+0, 405+0, 40640 * 
*MONITOR 470, 471, 472 * 
By+2 TWEAK [171 :46:39 


Boon 
Wmesl-I- TI - 


*e + + © © Be 


SS 


Pipe wis 


RATE/ERR MON(2)-RNDZ ROR * 


pay FAT (0 -242,0) OR 10° Om 7 


alt *404+0, 405+0,. 40640 * 
al *MONITOR 470, 471, 472 * | 
g {80 LM BAILOUT @ L. z | 
i! | | 
"i A { 
ll 
0 P20, AUTO MNVR RR-AUTO] 
V80, MAX N49(2.00,t2.0)| TRACK 
i 5 LC |) eee 
fl [*VERTFY PGNS WITH MSFN * 
( I*V47, 41443, 400+3 *h 
| 1*400+2_2-AXIS STEER _ 
“A\7+) (741740) a 
! *43141 START AUTO r 
[ *310R SET DET * 
f *303R 0 TPI * 
fl V82 
; V83 SET ORDEAL (35NM) 
. *317R, 4340R, 277R * 
[] V48, 12012 
|, ww 
| (3-coM BAILOUT GET P76 PAD 
*EXT LTG-TRACK * 
(30 CHART -R/ROOT] | BR) | 
27 RDOT 
M=15, V32 , 
24 RDOT 3R 


i 
*COMPARE CMC,AGS,VHF/RR * : 
*POLAR PLOT @ 90 NM 
21 (ROOT _9R 

ROOT _9R 


*CHECK RCS, EPS, ECS 


15 IRDOT 4R 
*534+0 . 
*S515+4 YAW STEER VEC 
*S16+0 


*MATCH INDICATED ANGLES * 
*TRACK MODE-SLEW 
*S-BD ANT-AFT 
SET P 
Y (+67) 

*BIOMED-OFF, PCM-HI 

*UPLINK. SQUELCH-ENABLE 
12 RDOT $Rl 


[10 CHART R/RDOT/o 
g 
8 PRO-FINAL COMP 


*411+0 STOP AUTO ie 
6  *COMPARE CMC, AGS 2 
CHECK TIG OF CSM 
*/DET & APS BURN CARD * 


e 
w 
(+105) * 
& 
® 
w 


P42 N86 


PERFORM YAW/ROLL MANEUVER 


*404+0, 405+0, 406+0 . 
*623+1 ad 


*400+] GUIO STEER [ATT CONT- | 
MODE CONT, 
w 


*410+5 LOAD av 
*500R 


1:00 AGS MODE CONT-AUTO 
‘30 ABORT STAGE PB-PUSH 
ENG ARM-ASC 
-10 MANUAL ULLAGE 
:05 PRO 
|] (00-1 [172229597 
ENG ARM-OFF 
ABORT STAGE PB-RESET 
NULL RESIDUALS 


i = i ee eet Se Pee rip cee 


SLi-a) 


(EOL h > a 

V76, AGS MODE CONT-ATT HOLD 

P35 TGT MCC | e CONT -PULSE | 

MAX N49(0.80,5.0) | MODE CONT-AUTO 

V67 (+02000,+00020, +00005) 
*400+2 Z-AXIS STEER : 
*623+0 : 
*417+1 (/621+0) is 
*411¢1 STARE AUTO i= 


17 
*410+4 TPI EXEC . | 
*373+TPI TIME. +15 MIN * 
*307+028.00 


*411+0 STOP AUTO ie 
370R TOTAL VEE CCI} 
371R oV TPF : 


ee OS 


2S ee 


*404+0, 405+0, 406+0 . 


NULL RESIDUALS 


TPI THROUGH DOCKING 


V76 

P35 IGT MCC 2 ATT CONT-PULSE 

V93 MODE_ CONT-AUTO 
TVERTFY BENS (PCM-HIS  * 
(*V47, 41441, 400+3 +| 
U%400+2_72-AXES STEER _ _.*f 
*411+1 START AUTO Ha 
*EXT LTG-OFF * 

AR} 

*410+4 TPI EXEC * 


*373+TPI TIME +30 MIN * 
*307+013.00 - 


19 RDOT 4R 
21 [RDOT 4 
23 RDOT 4R 
24 CHART , 

1|| 25 [RDOT RI 
[27 PRO-FINAL COMP] ROOT _3R 


41140 STOP AUTC [a 
370R TOTAL VEL MCC2| 
371R_ AV TPF 


*404+0, 405+0, 406+0 > 


Pal, v77 }} Pal, v7? 
*410+5 LOAD av (ATT CONT- | *410+#5 LOA av ATT CONT- 
*502R | MODE CONT *502R MODE_CONT 
05 _*472R/502R VT 705 *472R/502R Ai 
| 3O_MCC2) 


NULL RESIDUALS 


POO 
vV48, 11002 
Pa7. Vea 
*404+0, 405+0, 406+0 * 
*S-BD ANT-AFT,VERIFY COMM* 
*/S-BD P (+105) * 
Y (+67) * 
*S-8D ANT-SLEW (>3.0) * 
*TRACK MODE-AUTO * 
*BIOMED-LEFT, PCM-HI * 


*UPLINK SQUELCH-OFF 
TPI BURN REPORT 


TATE_BRAKING 
30 FPS - 6000 FT 
20 FPS - 3000 FT 

10 FPS ~ 1500 FT 

5 FPS - 600 FT 
*SETUP CAMERA FOR 
* DOCKING: 
*LM3/DC/60/HCEX 
* (#11,250,FOCUS) 5 
*LM3/DAC/10/CEX-ULC 

* (T8/250/10) 6FPS 

*MAG(BB) FRY 


9)1-87 


** +e &© & © 


V34, POD : 
| V76 
MANEUVER/PICTURES OF SIMBAY 

COAS TO OVHD WINDOW 
| *EXT LTG-DOCK ‘ 
SHFT/TRUN +50 . 
V4IN72 (+000,+320} 
cB RR(2)-OPEN, V44 
PITCH DOWN 90°, YAW LEFT 120° 
MODE CONT 
THRUST TICA +X UNTIL 

CAPTURE OR 10 SEC 
CONFIRM CAPTURE FROM CSM 
MODE CONT (BOTH)-OFF 


ed 


= 


i 


— = 


Pl2 
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ASCENT DISPLAYS 
(P12) 


TENDER FA CLS 


iM 
GUIDANCE 
COMPETER 


| Hema sh ae & Dis Po 
ay Ot ap) og Ca Pa ' 
acacia =~ seer 


ty 


(a: BAmITER mebecaT On 


PNG /ONG AT. ALT/ALT RT 
iNDeCATOR 


S tunition (HRS) 


Time of APS Ignition {SEC} 


Time From ténition 
Predicted FOA] Yaw Angle 
Afver Vertical Rise Phase 
Predicted FDAJ Pitch Angte 
eS) After Pitchover Phage 
GUIDANC F . 


COMPUT FIR Rl: VGN 


VU6N94 R2: Altitude Rate 
Aa: Altitude 


VI6X77 ao Time to Engine Cat ff 


CEM Plane 
Rl: Vel clty-to-be~-Gained (X-Axts) 


V1IGNES Rz: Veloc bty-w-de-Cained (Y-Axls) 
Ra: Veloeltv=-to-be=-Gained (7-Axis 


— 


Se 


nyijuanesniaimneeesnniaiiee ted naugitieniaoe — 


ASCENT DISPLAYS 


IMU | Gim@ar GASTA 
INERTHAL [ANGLES | GIMBAL ANGLE SEQUENCE 
MEASURMENT TRAN FORMATION ASSEMBLY 
[unit ped 
| TOTAL ATTITUDE 
| ATTITUDE MON 
i 
| 
U PONS I 
| l 
1 | 
| ! 
] ] 
eee ee 
3 
BOLL j Oo 
= - 
hie * : 1 
= Oo 1 : ' 
| AATE / ERA MON 
tawe “3 eS ANOZ RADAR 
| ) “TT f 
‘ — 3 y , 


ae 
ne} lise LOG ROR /CHOTA 


2 __/ FLIGHT DIRECTOR 
ein AYTiTUOE INDICATOR 


ORDEAL 
ORBIT AATE DISPLAY 
FARTH & LUNAR 


La WEL (vial AP Seek? Sale 


=} 
FwO VEc (GC) A 
! = 
j + 5 
! RR 4 i! 
LR VEL. tvval I TAUNMON RATE | [* 
et —————— — - 
t —— a : 
ss Fas — 
LATER VEL LGC) | ity: 
ATERAL ve. 1468) 1 ; 
I 
! t 
, ! = 
MODE SEL RATE/ERR MON xX POINTER 
00 RADAA renOZ RA0AA we MULT 
acs LAOCO AOR/CHMIR LO MULT 


¥% POINTER INDICATOR 


FLIGHT DIRECTOR ATTITUDE INDICATOR 


av, OF AxéS 
BOOY RATES 
RO (AGS GrAOS 3 
Lt 
FDAI 


FLIGHT OIRECTOR | 
ATTITUOE sNOICATOR 


cou : 
— i COUPLING OATA UNIT 


Beas li? | AyD SECTION 
ATTITUDE MON peers. 


eG ———~———- 
ie DIGITAL AUTOPILOT 
(S)) EQUATIONS — LGC 
GINGAaL Rate 
AGS StT. tT yOE TO @O0v AATE 
ERnoRsS heen SF Oe Te eacou's 
& Yaw 1 SINM O Orpresent - 0 0ESaEO 
OPITCH |=|O cosMcosO SinM [eonesent - Ll ce ssR€0 
2 ROLG 0 ¢osO 9x0 cosO MPRESENT - MOE REO 


| O = Overt GieeBAL ANGLE Jal 
I = em R Geeehar ANGLE (el 
M = wiIOOLE GutBAr ANGLE Le 


O, I. M OESIREO £ O£SIRED COU ANGLES 
O,[,MPResent = PRESENT COU ANGLES 


ALTITUDE =_@ Fae = ae 


—Ss See = a — = -_—_ 


Tet = E = 
STONE PN yt 
ALTITUCE = AGS 


MOOE SEL ANG/ALT MON 
L0G ROR RNG/ANG RT 


Gu @ 


acs eLT/ALT RT 
AATITUOE AATE- LR. RANGE #aTE-RA 


a, | 
hy RaTEH 
ALTITUDE A LGC ry 


ALTIIVOE Mate —46$3 : 


Btls" 


L6-119 


P12--POWERED ASCENT 


V37 Enter, 12 Enter 


V06 N33 Flashing 

Time of escent th. min, 0.01 a) 
VO6 N76 Flashing 

Downrange velocity, rediel velocity, cramrunge (0.1 ft/s, 0.1 fe/s, 0.1 nmi) 
V60 N25 Flashing 

R1;00203 (switch Guidence Contro! to PGNS, Mode to Auto, Thrust Control to Auto) 
V06 N74 Flashing 

TFI, yaw efter rise, pitch after rise (min/s, 0.01 deg, 0.01 deg) 
V89 N74 Flashing 

Engine on enadle 
V06 N94 Flashing 

VGX. HDOT. H (0.1 ft/s, 0.1 Fels, Ft} 
V15 N85 Flashing 

VGx (LM), VGY (LM), VGZ {LM) (0.1 ft/s) 
V82 Enter 

VO4 NOE Flashing 

R1:00002 

R2:0000 X (1—thés vehicle, 2—oxther vehicle) 

V16 N44 Flashing 

Apocenter eltituds, pericanter eftitude, TFEF [0.1 nmi, 0.1 ami, min/s) 


N76| + 
Velocity (t/a) EZ 


ee 
(ft/s) 

a ee ee ee 
| | maaan | | | | | |i 
Angle (Octal) (AGS) | 

063 Cogne of Azimuth 
ni el Bee 

aR eee 
| at tnsertion {k ft} (AGS) | 
| of ft 231 Landing Sita Radius |] | | 
) | (« fth (AGS) 
CT eee CT 
iraertion {ft/s) IAGS} : 


373 TIG of TPI 
{min) (AGS) _— — . | 
_ rt 
Minutes TIG of TPI | 
Sacra ere 
ee} | | pee ee at 
ee a ‘LT ttt tf 


*Load 8 nmi if cuesrange is greater than 8 nmi. 


NOTES: 


f 
t 


ae ia 
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LM INSERTION 


PROPULSION/ PRETHRUST 
EVENT BT74SV_ | G.E.T. GUIDANCE TARGETING 
INSERTION 435. 2/ 171:37:23.9 | LM-APS/PGNS ‘P-12 


6,055.5 


ra a aah a =? i, 
/ a“ _ 
/ fo ~ 
/ LM \ 
f/f Apolune : 
| / 1 (45.6 ami) \ 


\ 
, Ae? | 
, oF ' 
\ LM Perilune ™ 
\ (9 nmi} 
Note: Shadow is with respect | 
to the CSM orbit. — 
ie yi ' 
a CSN] Position at 
a e Ascént Initiation 
Earth 


ee eS oe 


is — Er a 
L Orgy 
RENDEZ VOUS 
reese mons 
. TYI +113 
(160, Z26) 00, 9 (W302 
Berge abvRee. By 
Eile 
; , F 
mi!) P3¢ Pinal Comp. 
TPL-10 : SCC -3 
‘ (MO, 229/223, TW =30 
7 ° (00, Ep0,/'s59,0) 
: @ aH. Be 
‘ t v Hy 
‘ a | ee 
+ TPF 
TRI + 4247 
{i6, 3o9/ 288, 0 


i . Pa 
/ ; Tran =e 


i. (100, LTDY42, 0) 
cs) 
LM insertion 
TPI-48 
: 1n0, 
yl (100, 125/48, 0) Lae Liftest 
= oa a5 A Aa, RN) eet et 
2 ss | (280, 1/45, 9 
ie: Yse 
glce Pited 
a | ae (idcak 
a a —————— @ACt 


eS Se eee 


7 
i 
| 
il 


= 
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RENDEZVOUS DISPLAYS 


vt bimse  d 1 the 
aL 


Norton bd 
wea Nal 
beIS 


i fiom ee aad 


To 
lor Pita VY eb Ne 
dy Owls Wad hy 


i tidnal Sitch 


[hs ON-eemae Wiad. 
r Wwidwe ta@eme 1076 
(meres Vebepe 1 TTD 


feelia VL ed ei 
1& 


1ie 


= Leiurel py: kien 
fer Gabi Gof > Ae 


Berne 


j= —---= 


i i 8 
. yates ein al 


ORK) 


© Load ote oor aA gus 
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7 P34—TRANSFER PHASE INITIATION (TPI) 

4 v37 Enter. 34 Enter 

pe V06 N37 Flashing 

TIG of TP? (h, min, 0.01 s) 
ce V06 N35 Flashing 

| R2: Elevation angle, R3: Central angle (0.01 deg, 0.01 deg) 

2 V16 N45 Flashing 

of Marks, time from ignition, middie gimbal angle (marks, min/s, 0.01 deg) 

4 V06 N58 Flashing 

Pericenter altitude, AV (TPI), AV (TPF) (0.1 nmi. 0.1 ft/s, 0.1 fus) 

+ | VO6 N81 Flashing 

bE AV» {LV}, AVy (LV), AVz (LV) for TPI (0.1 fos) 

F V06 N59 Flashing 

7 AV»x (LOS), AVy (LOS), AVz (LOS) for TPI (0.1 ft/s) 


A 0 Jo Hours ! N37] + iz 
) - : TIG : 
p20 | 0 Minutes of + Zs 0 


TP} 
+ fe) Seconds bs 


N55 7500000) Conic Integration, (+OQ000) * Elevation Angle (+130. 00) Central Angle 


Av vertical 


Total AV required for 
TPI (ft/s) 
an 


LM FDAI inertial 
rol] and pitch angles 
at TPI (deg) 


OV y (LV) 


Components of 
AV in local 


Avy (LV) 


Range at TtG-5 min 
(nmi) 
Range rate at TIG-5 min (ft/s) 


. 

a Av, 1LOS) 

ra Ave (LOS) Components of 

me Y AV inline of 

, Avs {LOS} pa coordinates 

: e (ft/s) 

S | PRE eee 
s 30? + 043.00 (AGS—Desired Transfer Time) 

td *P34 calculates Elevation Angle for given TIG of TFPI 

ca | NOTES: 


-—-_—-+ 


een 
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OIRECT TP 


OV TP (fist 


AW TRF (ft/s) 


Avx 


LV 
Jdvv ft/s) 


Ssv2 


0 LOS {deg) 
JV TP its) 


AV TPF iftis) 


TIG TP! N37 
Avx 
LV 
AvY (ft/s) 
Avz 


CHANGE SIGN; BIAS, Av = -1,.0, AvzZ = +2.0 


[ LEV > NSS 


BURN RULES 


If cwo of three solutions agree. 
burn pride|ity solution. 


Priority of Solutions: PGNS. AGS, CMC, Charts 


e 2 e 
Guide Values X= 3ft/s. ¥ « 7 ft/s. Z° GB ft/s 


RR agrees with VHF where 
AR «© 0,.01R + OS ami. SR is aways BI ami, 


lf RR does not agree with VHF, 
MSEN isolates failed system 
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TRANSFER PHASE INITIATION 


= PROPULSION/ 
EVENT . i BT/AV GET. GUIDANCE 


eras |ineavan.a|, Miatey oe 
RESIDUALS (ft/a) : | 
ONx|NBS | + | oo - 
Vy/pons|_| | 4 |acsbo1 | +t 
ave eT bee COE be 


— 7 ~*~ VxTRIM ~~~ Vy TRIM 


Note: Shadow is with respect 
to the CSM orhit. 


1 - First braking maneuver 
2 - Second braking maneuver 
3- Third braking maneuver 
a Fourth britking maneuver 
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Rraking 
Maneuvers 
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LM RENDEZVOUS FINAL PHASE 


CSM AND LM ON 


_/ SAME RADIAL 


BRAKING BRAKING BRAKING “SX 

MANEUVER MANEUVER MANEUVER BRAKING 

1 2 3 MANEUVER 4 
AND DOCKING 


BRAKING MANEUVER DESCRIPTIONS 


1. ATR =3,000 FEET. MANEUVER REDUCES RANGE 
RATE FROM 32 TO 20 FT/S. 

2. AT R2#i,500 FEET. MANEUVER REDUCES RANGE 
RATE FROM 20 TO10 FT/S. 

3. AT R #500 FEET. MANEUVER REDUCES RANGE 
RATE FROM 10 TOS FT/S, 

4. AT R #100 FEET. MANEUVER REDUCES RANGE 
RATE FROM 5 TOO FT/S. 
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P30~ EXTERNAL AV ILM) 


V3? Enter, 30 !Enter 
VO6 N33 Flashing, Load Desired GET! 
VC6 N81 Flashing, Load Desired AV 


FDAI Inertia! 
Angles 
(degrees) 


AGS 
Targeting 
(ffs 
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LM JETTISON PAO 
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GETI 
Minutes JETT 


Seconds 


IMU Gimbel 
Angl®@s ideg) 


P99-LM DEORBIT BURN 


Time fram Ignition | N40 | 


Velocity to be Gained 
Velocity Accumulated 


Time from i9nition 


Velocity to be Gained 


Velocity Accumulsted 
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ties 
= P47_THAUST MONITOR 
. V37 Enter. 47 Enter 
a V16 N83 Flashing, Av XYZ Sody Axes 
pas in N62 Enter 


V16 N62 Fiashing, inertial Velocity, Altitude Aste, Altitude 


| 
x | 
* | 
3 | 
x 
x 


: x p IMU Gimbs! Angles 
(degrees) 
ca a 


COOL “| 
SERRE 
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P41 — RCS THRUSTING 


V3? Enter, 41 Enter CSM Separation 


V50 N18 Flashing, Request Maneuver to FDAi R.P, Y Angies 
VO06 N18, FDAI R. P. ¥Y. Angtes After Maneuver to Burn Attitude 
VO6 N85. X. Y. 2 Body Axes Velocity to be Gained 

V16 N85 (Average G on at TIG -30) Velocity to be Gained 

V16 N85 Fiashing, Body Axes Residuals (ro be Nulled) 


Roil 


Pitch (deg) 


Yaw 


|| fesse | 


Pitch (deg 


VG (ft/s} 


VG (ft/s) 


Residuals 
(ft/s) 
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LM DEORBIT 


PROPULSION/ PRETHRUST 
EVENT BT/AV G.E.T. GUIDANCE “TARGETING 


LM-RCS/PGNS 
EXT aV (P-42) 


- LM DEORBIT 82. 3/195.4 |179:06:22.7 


(RETROGRADE) 
RESIDUALS (ft/e) 


a 


LM Lunar 
Impact 


| Approx. 26. 25°N 
1,.67°E 


CSM is ahead 


Note: Shadow is with respect and above LM. 


to the CSM orbit. 
Sun 


LOS 


LM/CSM 
Separation 
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P30_ EXTERNAL AV 


TEI 58 & TE! 60 


V37 Enter. 30 Enter 
VO6 N33 Flashing, Loed Desired GET! 
V06 N81 Flashing, Loed Desired AV 
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eel 


Minutes 


Seconds 


IMU Gimbal 
Angles (deg) 
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SFT {degrees) 
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D4 


BSS (Coas Star) 
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P30—EXTERNAL av 


TEI 62 & TEI 64 
V37 Enter, 30 Enter 


VO6 N33 Flashing, Load Oesired GET} 
V06 N81 Flashing, Load Desired Av 


co 


IMU Gimba? 


x r, Angles (deg) 

x U 
| 

+ 

x BT (min:s)} 


cAVEC (ft/s) 
SXT Star 


SF T (degrees) 


TFT rt 


RTGO fami) EMS 


ViI@ lit/s) 


[set 0059 | 
Hr mins 


| SETSTARS 
2 Oe 


Y Align 
a ULLAGE 


NOTES 
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P30-EXTERNAL Av 
TE| 69 & TE! 71 


V3? Entec, 30 Enter 
V06 N33 Flashing. Load Cesired GETI 


VO6 N81 Flashing. Load Desired Av 


_ | | | 
a i ae _ |i | | 
ets 1d ed 


Purpose 


Prop/Guidance 
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EB 


MVC ft/s} 


x x 
x] | 
x 
x 

— 


SXT Star 
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P30-EXTERNAL Av 


“TEI 73 & TE! 74 (Pretiminary} 
V37 Enter. 30 Enter 


V06 N33 Fiashing, Losd Oesirad GET! 
VO6 N81 Flashing, Load Desired AV 


Purpose 
, P o9/Guidance 


SSECOCONNE 


IMU Gimbal 
Angtes /deqg) 


SXT Star 


SF¥ {degrees} 


TAN (degrees) 


| ULLAGE 


NOTES: 
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P30-EXTERNAL Av 
TE1 74 (Nominall & TE1 75 


V3? Enter, 30 Enter 


VO6 N33 Flashing, Load Desired GET! 


V06 N81 Flashing, Load Oesized AV 
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YTrim 
von oes TP op pep 
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Av, 
3VY Lv 
Av> (tt:s} 
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TRANSEARTH INJECTION 


PROPU BTSIONT.| PRETHRUST 
TEI 139.0/ 223:43:47.6 SPS/G&N P-30 
a 3,046.7 EXT AV (P-40} 


P| | | | d favy Nes 
: | pe 
Bat wine 
—- — —— ee — VY <a eo V ees pees ft/ 
*TRIM YTRIM CRM 


Hyperbolic 
Lunar Escape 


Note: Shadow is with respect 
to the CSM orbit. 


Earth 
LOS 
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P20 EXTERNAL AV 
MCC 5 


V3? Enter. 30 Entec 
V06 N33 Flashing, Load Desired GET! 


VO6 N81 Flashing, Load Desired Av 


Hours 


Minutes GETI 


ae 


Seconds 


(ft/s) 


= = — 


INSU Gimbal 
Angles (deg) 


aren Tt tf 
x fx t et | [| ettmins Px{x{ x] f | 
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P23-—CISLUNAR MIDCOURSE NAVIGATION 


V37 Enter. 23 Enter 
V05 N70 Fiashing 


R1: OOOXX Celestial Body Code 

R2: 00x00 O — Horizon 1 — Earth Lendmark 2 — Moon Landmark 

R3: oocodoo C=#0,0=O Landmark C-1 Earth Horizon C-2 Moon Horizon 
V59 Flashing, Perform Optics Calibration 0-1 Near Horizon 0-2 Far Horizon 


V51 Flashing - Please Mark 
OPTICS CALIBRATION 


GET 


+ 


Me Rice 
R2 

ES RE 7) ee 

i | Trun Angle Bias + 


MIOCOURSE NAVIGATION 


Hours 


| | Minutes GET 


] i] 


é 
é 


BR nami 


AV ft/s 


BR nmi 


AV ft/s 


AR nmi 


AV ft/s 


OR nmi 


AV ft/s 
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P23-CISLUNAR MIOCOURSE NAVIGATION 


V37 Enter, 23 Enter 
VOS N70 Flashing 


R1 000 xXx Celestial Body Code 

R2: 00x00 O — Horizon 1 — Earth Landmark 2 - Moon Land mark 

R3: OooCcDO C2®0,D=QOLaendmerk Ct Earth Horizon C-2 Moon Horizon 
VSS Flashing, Perform Optics Calibration 0-1 Neer Horizon D-2 Far Horizon 


V51 Flashing - Ptease Mark 
OPTICS CALIBRATION 
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MIDCOURSE NAVIGATION 
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MCCS 


P49 SPS THRUSTING CSM 


V3? Enter. 40 Enter 

V50 N18 Flastung, Request! Maneuver ta FOAI AP. ¥ Angies 
vo N18. FOAI A. P, ¥ Angles After Maneuver to Burn Attiude 
VSI N25 Flashing, RE * 00 20 4, Gimbel Actuator Test Coton 


VOG N40, Teme from 19min. Velocity ta de Gained, Measured Change 
in Velocily 
v99 N40 Flashing, Engine On Enable Request 


v0 N40. Time from Cutoft, velocity co be Gained, Measured Change 
i Velacity 


v 16 N40 Flashing, Finai Vaiues at Engine Cutoff 
V1G6 N85 Flashing, Body Aces Aasiduals Ilo be Nulled! 
v3? Fidsming V82 Ente: 


V1G N4d@ F lashing, Apogee Alturude, Perigea Altstude, Time to F reetall 
to 35 K ft Moon Orbit. 300 K tt Earth Orbit 


TT | | sow] wm 
# | T 


Pitch (deg) 


VYaw 


Peech Is@9) 


>. ——|ae-- | 


VG (farsi 


AVM (it/s) 


| TEC tmin 4) 


VG tftsl 


AVM ife gl! 


TFC titsin sh 


VG Ift’s) 


AVM cftes) 


| | 85 | x 
| i | 
| Y Residuats 
| F (fis) 
7 z = — —= = a —= oe lhl I 
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¥ FRIM 
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| | 44 HA Ine} 


= — = | | ! 
| | ; HP (amit 
TFF (min si 


FCS TRRYUSTING 


V3? Enter. 43 Enter 

VSO N18 Fisshing, Request Maneuver to FOAIR.P, ¥, Angles 
V06 N18. FDAI A, P, ¥ Angles After Maneuver to Burn Attitude 
VO6 NSS, X, Y. Z Body Axes Velocity 10 be Gained 

V16 NSS lAverepe G on a1 TIG -30) Vetocrty to be Genes 

V16 N&S Flashing, Booy Aaes Residuals ito be Nulled) 
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V37 Enter, 23 Enter 
VOS N70 Flashing 


R: 
R2 
R3 


OOOXxX 
00x00 
OOCDO 


O — Horizon 


V59 Flashing, Perform Optics Catibration 
V51 Flashing - Please Mark 
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Celestia! Body Code 
t — Earth Landmark 2 
C=0,02+OQOLandmark 6.1 €arth Horizon C-2 Moon Horizon 


P23—CiSLUNAR MIOQCOURSE NAVIGATION 


Moon Landmark 


0.1 Near Horizon O-2 Far Horizon 


OF TICS CALIBRATION 


Hours 


Minuet 


es 


Seconds 


Trun Angle Bias 


| Trun Angie Bias 


MIOCOURSE NAVIGATION 


Hours 


Minutes 


\ GET 


Seconds j 


Star 10 

LMK ID 
Hor :D 

QR nami 
AV ft/s 
OR nmi 
AV ft/s 
AR nmi 
AV ft/s 
AR ami 
AV ft/s 
OR ami 


AV ft/s 
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| N49 


N40 


BECELERS 
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P23-CISLUNAR MIOCOURSE NAVIGATION 


—_ 


V27 Enter, 23 Enter — 
VO5 N70 Flashing 

R?: OO00XxX Celestial Body Code 

R2: 00X00 O- Horizon 1 — Earth Landmark 2 — Moon Landmark 

R3: oocDdDO C=0,0 =O Landmark C-1 Earth Horizon C-.2 Moon Horizon 
V59 Flashing, Perform Optics Calibration D-1 Near Horizon 0-2 Far Horizon 


V51 Flashing - Please Merk 
OPTICS CALIBRATION 


Hours 


Minutes 


MtOCOURSE NAVIGATION 


eS 
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AR nmi 
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AR nmi 
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AV ttf/s 
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P23—CISLUNAR MIOCOURSE NAVIGATION 


V37 Enter. 23 Enter 
V0O5 N70 F lashing 


Ri. OOOXX Celestie! Body Code 

R2 00x00 0 — Horizon 1 — Earth Landmark 2 — Moon Landmark 

R3 ooCcCOO C=0,0=OLardmark C-? Earth Horizon C-2 Moon Horizon 
V59 Flashing, Perform Optics Calibration D-1 Near Horizon 0-2 Far Horizon 


V5t Flashiig - Piease Mark 
OP TICS CALIBRATION 
Hours 
Minutes 


Seconds 


MIOCOURSE NAVIGATION 
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Seconds 


Star l(O 


LMK iO 


Hor 10 


QR ami | N49 


OV ft?s 
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AV ft/s 
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P23—-CISLUNAR MIDCOURSE NAVIGATION 


V3? Enter, 23 Enter 
VO5 N70 Fiashing 


Ri OQ0 XxX Celastial Body Code Tian 

R2 00x00 O— Horizon 1 — Earth Landmark 2 — Moon Landmark 

R3: OoOOoCcoDdDO C=0,0=QOLandmark C-1 Earth Horizon C-2 Moon Horizon 
VS9 Flashing, Perform Optics Calibration 0.1 Near Horizon O-2 Far Horizon 


V51 Flashing - Please Mark 


OPTICS CALIBRATION 
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MIOCOURSE NAVIGATION 
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P23-~CiSLUNAR MIOCOURSE NAVIGATION 


V3? Enter. 23 Ener 
VOS N70 Flashirig 


R1: OOOX xX Cetestial Body Code 

R2 00x00 O— Horizon 1 — Earth Landmark 2 — Moon Landmark 

R3: O0OOCDO C=0.0= OLandmark C:-1 Earth Horizon C-2 Moon Horizon 
V59 Flashing, Perform Optics Calibration D-1 Near Horizon 0.2 Far Horizon 


V51 Fleshing - Pigese Mark 
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OPTICS CALIBRATION 
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P30-EXTERNAL Av 
MCC 6 


V37 Encer. 30 Encer 
VO06 N33 Flashing, Load Desired GETI 


VO6 N81 Flashing, Losd Desired Av 


Purpose 
Prop/G u idence 


or oi A SO 
L Ls 
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IMU Gimbat 
Angles (deg) 


BT (min:s) 

AVC {ft/s) 

SXT Star 

SFT (degrees! 

TRN (degrees) 

ASS {Coas Star) 

SPA (Coas Pitch, deg} 


SXP (Coas X Pos. deg) 
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LONG 
RTGO {nmi} EMS 


VtO (ft/s) 


GET 0.05 g 
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NOTES 
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ENTRY 


P61 
V37 Enter. 61 Enter 
VO06 N61 Flashing 
V66 NEO Fiashing, Record 
VO6 N63 Flashing, Used for EMS if no Communcation 


P62 
V50 N25 Flashing, Request CM/SM Separation 
VO6 N62 Fiashiag 
VO6 N22, Monitor 


P63 
VO06 N64, Monitor 
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P40 — SPS THAUSTING CSM MCC 6 


V37 Enter. 40 Enver 

VSO N18 Flashing Request Meneues to FOAIA, P, ¥ Angles 
vO6 N18, FOAI RP. Y Angles After Maneuver to Burn Attitude 
VSO N25 Flashing, A1-00 204 Gimbel Actuator Test Option 


V06 N40. Tirne trom Ignitson, Velocity to de Gained, Mestured Change 
IN Velocity 


Va9 N40 Flieshing, Engine On Enable Request 

V06 N&O, Time from Cutoff. Vetocity to be Gained, Measured Changs 
in Velocity 

V16 N4O Flashing, Fine Values st Engine Cutoff 

VIEN&5 Fleghing, Body Axes Residuals {to be Nulled) 

V3? Fleshing, VB2 Enter 


V16N 44 Flashing, Apeg60 Altitude. Perigee Altitude. Time to Freefall 
to 35 K ft Moon Orbit. 300 K ft Earth Orbit 
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Pitch 


Yow 


TFI imin:s) 
VG (ft/s) 
SVM tus! 
TEC (min sl 
VG ([ft/sl 
AVM (ft/s! 
TEC Imi s) 
VG {ftt/s) 


SVM (tes! 


Y Residuals 
: is 
x 
Y TRIM 
(tus) 
Z 
44 MA Ini 
HP inmib 
mms cs TEE (mins) 


P41 — RCS THRUSTING 


V37 Encer, 41 Enter ioe 

V5O NIG F lawiing, Request Meneuver ta FOAI RA. P, Y. Angies 
VO6 NIB, FOAI A. P. ¥ Angles After Maneuver to Burn Attitude 
VO6 NBS, X. ¥. Z Body Axes Velocity to de Gsined 

V16 NSS (Average G on at TIG 30) Velocily to be Gained 

V16 N85 Fieshieg. Body Axes Resequals (to be Nulled! 
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V37 Enter, 23 Enter 
VO5 N70 Flashing 
Rt O00OxX 
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P23- CISLUNAR MIOCOURSE NAVIGATION 


x Celestial Body Code 


R2 ‘eel qeke) O— Horizon * — Earth Landmark 2 — Moon Landmark 
R3 OOCOO C20,C0 =QOLandmark C-1 Earth Horizon C-2 Moon Horizon 


V59 Flashing, Perform Optics Calibration 


D-1 Near Horizon O-2 Far Horzon 


V51 Flashing -Please Mark 


OPTICS CALIBRATION 


Hours 
Minutes 
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NOTES: 
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P23-CISLUNAR MIDCOURSE NAVIGATION 


V37 Enver, 23 Enter 
VO5 N70 Flashing 


Al O0O0OXx xX Celestial Body Code ae 

R 2: 00x00 £=O-Horizon 1* — Earth Landmark 2 - Moon Landmark 

A3: OoOoCcDO C=0,D=OLandmerk C-t Earth Horizon C-2 Moon Horizon 
VS59 F lasting, Perform Optics Calibration D.1 Near Horizon 0-2 Fer Horizon 


V51 Flashing - Pleasa Merk 
OPTICS CALIBRATION 
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Minutes 
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Trun Angle Bias 
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MtDCOURSE NAVIGATION 
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P23—CiISLUNAR MIOCOURSE NAVIGATION 


V3? Enter, 23 Enter 


V0 S N70 Flashing — 

R1: OO00X X = Celestial Body Code 

R2: 00x00 QO — Horizon 1 — Earth Landmark 2 — Moon Landmark 

R3: OOCDO ¢+0,0=OLandmark C-! Earth Horizon C-2 Moon Horizon 
V59 Flashing, Perform Optics Catidration D-1 Near Horizon D-2 Far Horizon 
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OFTICS CALIBRATION 
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P23- CISLUNAR MIOCOURSE NAVIGATION 


V3? Enter, 23 Enter 
VO5 N70 Ftashing 


——_ 


Ri QOO00X X Celestia) Body Code 

R2: OOx00 O — Horizon 1 ~ Earth Landmark 2 — Moon Larximark 

Rd: OoOocDdDO C#0,0=OLandmark C-1 Earth Horizon C-2 Moon Horizon 
V&9 Fiashing, Perform Optics Calibration O-1 Near Horizon D-2 Far Horizon 


VS1 Flashing - Please Mark 
OPTICS CALIBRATION 


Hours 


Minutes 


70 
67 


Trun Angie Biss N 
R2 


MIOCOURSE NAVIGATION 
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Minutes 


Seco nds 


mo 


T 


QR nmi N49 


AV ftis 


—— 
——————— 
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P23-—CISLUNAR MIOCOURSE NAVIGATION 


V37 Enter, 23 Enter 
VO5 N70 Fiashing 


Rt: 000 XxX 
R2: 00x00 
R3: 0o0CcodO 


—=—— 


Celestial Body Code 
O — Horizon 1 — Eerth Lendmark 2 — Moon Lardmark 
C=#0,02 0 Landmark C-1 Eerth Horizon C-2 Moon Horizon 


VS9 Flashing, Perform Optics Calibration 
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P23—-CISLUNAR MIOCOURSE NAVIGATION 


V37 Enter, 23 Enter 
VO5 N70 F leshing 


R}: OO0OOXxXxX Celestial Body Code 

R2: 00x00 O —Horizon 1 — Easth Landmark 2 — Moon Lendmark 

R23: OOCDO C#0,D=OLandmark C-1 Earth Horizon C-2 Moon Horizon 
V59 Flashing, Perform Optics Calidration 0.4 Near Horizon D-2 Far Horizon 


V5t Flashing - Please Mark 
OPTICS CALIBRATION 
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Minutes GET 
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Trun Angie Bies N87 | + 
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P30-EXTERNAL Av 


MCC 7 
V3? Enier. 30 Enter 


VO6 N33 Flashing, Load Desired GETI - 


V06 NB1 Flashing, Load Desired AV 


Prop/Guidarce 
cs Go cL (ae 
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Minutes 


Seconds 


IMU Gimbal 
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ENTRY 


P61 
V3? Enter, 6¢ Enter 
VO06 N61 Flashing 
V0O6 N60 Flashing, Record 
V0O6 N63 Flashing, Used for EMS if no Communicat ton 


P62 
V50 N25 Flashing, Request CM/SM Senaration 
VO6 N69 Flashing 
VO6 N22, Monitor 


P63 
VO6 N64, Monitor 


RETEBO 


RETORO 


SXTS 


| SFT Ed-2 
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P40 SPS THRUSTING CSM MCC 7 P41 RCS THAUSTING 


V37 Enter 41 Enter 


V37 Enter. 40 Enter : VSO N18 Flaving, Recuest Maneuver 10 FDA? RP. YY. Angles 
V50 N18 Fiesing, Request Maneuver tao FOAI A, P. Y Angles 


VO6 N18, FOAI A. PY Angles Afte Maneuver ec Bum Altitude 


— VO6 NI8. FOAI A. P. ¥ Angtes Afiee Maneuver to Burn Altitude 


V06 NSS. X. Y. Z 80dv Axes Velocity to be Gained 
VSO N25 Flasherg, 21-0020 4 Gimdai Acwator Test Opi9dE 


V16 N85 (Average Gon at TIG BOl Vetocuy to Le Gaened 
Vvo6 ype Time from ignition, Velocity to be Gained. Measured Change V16.NBS Flastung, Boay Axes Residuals 10 be Nulled! 
in ocity 


— 


V99 N40 Flashing, Erigine On Enadle Request 


VO6 N40, Time from Cutctt, Velocity to de Gained. Measured Change 
in Velocity 


V16 N&O Flashing, Final Velues at Engine Cutoff 
V16 NSS Flasiing, Body Ares Residuals (10 be Nulled) 
VI7 Flasising, V82 Enter 


V16 N44 Flashing, ADCgee Altitude, Pengee Altituce. Time to Freefall 
to 35 K f1 Maon Ortist, 300 K ft Earth Orbit 
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P23—CISLUNAR MIDCOURSE NAVIGATION 


V3? Enter. 23 Enter 
VO5 N70 Flashing 


Rt 000 xXx Celestial Body Code 

R2: 00x00 0 — Horizon 1 — Earth Landmark 2 — Moon Landmark 

R3: oocDO C=0,D#0 Landmark C-? Earth Horizon C-2 Moon Horizon 
V59 Flashing, Perform Optics Calibration D.1 Near Horizon 0-2 Far Horizon 


V51 Flashing -Piease Mark 


OPTICS CALIBRATION 


MiDCOURSE NAVIGATION 
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P23-CISLUNAR MiIOCOURSE NAVIGATION 


V37 Enter. 23 Enter 
VOS N70 Fiashing 


Rt: 000 XxX Celestiel Body Code 

R2: 00x00 0 — Horizon 1 — Earth Landmark 2 — Moon Laridmark 

R3: oo0CcoOo C=#0,0«<QOLandmark C-1 Earth Horizon C-2 Moon Horizon 
V§9 Flashing, Perform Optics Calibration O-t Near Horizon 0-2 Far Horizon 
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P23—CISLUNAR MIDCOURSE NAVIGATION 


V37 Enter, 23 Enter 


VO5 N70 Fiashing 

Al: 0O00XX _ = Calestial Body Code 

R2: 00x00 0 — Horizon 1 — Earth Landmark 2 — Moon Lendniwrk 

R3: OOCDO C#0,0=OQOLendnierk C-7 Earth Horizon C-2 Moon Horizon 
V59 Fleshing, Perform Optics Catibration 0.1 Near Horizon 0-2 Fer Horizon 


V51 Flashing - Please Mark 
OPTICS CALIBRATION 
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MIOCOURSE NAVIGATION 
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APOLLO EARTH ENTRY 


Aerodynamic Forces sc 


The earth entry trajectory 
is shaped by the forces of 
gravity and atmospheric 
flow over the spacecraft 
surface, The tatter force 
has two components, Sift sc 
and drag. 

Drag is a force directed 
opposite to the rélative 
velocity vector and equal 


to: 
J ——,, 2 1 é 
O=% M a olfts Reiative & = Angle of Attack 
Velocity 
Vector 


Lift is a force perpendicu- 
lar to the relative velocity 
vector and equal to: 


ee est ake 
b= % ao pv? TLift/s?) 


p = Atmospheric density (slugs/ft3)* 

v = Relative vetocity magnitude (ft/s) 

Cy = Coefficient of drag (unitless) 

C, = Coefficient of lift (unitless) 

M = Mass of spacecraft (slugs; 

S = Surface area presented to atmospheric flow (ft?) 


Aerodynamic lift for C, ) 
Is a consequence of the 
vehicle center-of-mass 
(cm) (2) being offset from 
its axis Of symmetry. With 
the relative velocity vector 
along the axis of sym- 
metry, the resulting 
symmetrical pressure dis- 
tribution Produces a re: 
sultant force (F) through 
the center-of-pressure 
(cp)'3t. The component 
of this force {f,) perpen- 
dicular to the line soining 
the CP and CM causes a 
tordue about the CM. The 


spacecraft will rotate | 
about the CM until a 

stable attitude is_reached Pressure 

where the force F is fully Distribution 

along the tine joining the 

CM and CP 

Notes: 


1. A siugis a constant, relating units in the equation 
F(pound-force} = Mfslugs} x a(ft/s*) 


2. Center-of-mass: The point where the mass of a body may be regarded as being concentrated, insofar 
as motion of translation is concerned. 
3. Center-of-pressure: The point where the resultant of al! aerodynamic forces apparently operates. 
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mil 


in this stable attitude, the 
component of F perpen- 
dicusar to the relative 
velocity vector produces 
lift. Because of the 
spherical shape of the heat 
shield, the stable attitude 
remains relatively un- 
changed throughout the 
entry phases. 


Pressure 
Distribution 


Lift Modulated Entry 


a 


During earth entry, steer- 
ing ts accomplished by 
orienting the lift vector 
{L} so that the resulting 
spectfic forces satisfy the 
entry guidance objectives. 
The lift vector s& rotated 
about the Roll Stability 
Axis according to roll 
commands issued by the 
AGC. 


a = a —_—— ied 


Roll Stability 
Axis 


Relative 
Wind 


4 — 2 
Wer Seyret rey ae et 


A roll angie (8) of O 
degrees causes the lift o° 
vector to be up along the eT 
vertical and produces 
maximum downrange 
flight. A rotl angle of +90 90° 
degrees puts the tift vector 
in the locat horizontal 
plane, productng maxi- 
| mum crossrange (or 
lateral) flight. 


-90° 


Horizontal 


Vertical 


; 180° 
Pointed End 
Forward 


Geodetic latitude, deg 
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The entry control programs are designed to calculate the roli angle {6} which wiil produce the vertical 
Simponent of lift necessary to satisfy a guidance objective {constant drag flight. downrange target 


acquisition, and so forth). Crossrange control is maintained by choosing the proper sign of soll angle in 
order to reduce lateral errors. 


—_ 


Lift modulated flight can significantly reduce the peak accelerations experienced during entry, as shown 
below. 


28 
} 
aa 2eco Lilt (Bablestsc) ¥. ~ 36,194 tila 
nes 400.000 ft 

s 
3 x 
+ 
ae! 
E 
é 6 Constant-Lift 
x  Vertecel Lilt) 
= 


Moc u lated 
Litt 


Momentey 


end tion 


WS 7.3 ee | 4.9 6.7 65 6.3 -6.1 $9 5.7 55 


Flight Path Angle (degrees) 


The maneuver footprint for a GNCS-controfled entry utilizing modulated {ift is approximately 2,500 
Nautical miles in downrange and 250 nautical miles in crossrange. A typical entry footprint for a lunar 
return mission is shown below. A backup contro! procedure — the EMS ranging technique — defines the 
maximum range limit of 3.500 nautical miles. 


SERRE) 0ReC CESS SEECSED'E 
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Lear 3B= eT TTT ATT TN | 
5 tA NL reise 158,00" 0 mh a 
att 


Latitude = 26. Le N Azo: 
E rf eS + 4 eb 
PTT AEcatitde= 399 e220 [TT TT tt 
Longitude = 174.95° W fie 
5 ttt tt tate 1a 3 tp 
Ss [tt | 
Dic CCCEEEEEEEECEECECECE-RE 
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Entry Control Equations 


The entry guidance equations are solved every 2 seconds in the AGC. Navigation and autopilot functions 
are also performed during this computatton cycle. 


The guidance equations below are used durtng the entry phases associated with a nominal lunar return 
entry. Equation 4 (targeting) is executed every pass through the computation loop. Equations I! and III are 
executed during their particular entry phases for downrange steering. Lateral steering is done by Equation 
IV dependent upon certain logic constraints in the AGC. The ro?l angle needed to meet the above equations 
is calculated using Equation V. 


| Navigation 


Targeting (Equation !) | 


Which Phose7 


Constent Ovag 
No Steering Flight 


(Equstion II) 


Final Phese 
Steering 


(Equetion Il) | 


Latatal Steering 


a .....___ ee _______ e ___ ee  ee 


———— GUIDANCE | 


| Auropilor | 


Equation f{: Landing Point Targeting Equations 


During the early entry phases, a unit vector is calculated which points from the earth’s center to an 
estimated splash point. This initial target vector (IpTo}. together with unit vectors in the equatorial plane 
directed easterly (tase) and in the target meridian (tat), isused as a reference from which a new target 
vector (1 RT) i #s calculated based on an updated estimate of time-to-splash. 


_ = Se a Sy a 
- 2 AR 
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Initiat 
Target 


Int =I Rtot+ Ipty [cos (wrt) - 11 + Inge sin (wr) 


where (Wt) is the amount of earth’s rotation for the difference between the old and new estimate of 
time-to-sptash. 


Based upon the new target vector {1p_q7), the downrange angle from the spacecraft to the splash point is “ 
computed using: 


0. = arc cos IRy Unit R )iradians) 
The crossrange error from the present flight plane ts calculated as follows: 


LATANG = Trt ‘ Unit (Vv XR) (radians) 


Instantaneous 
Flight Plane 


Ground 
Track 
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Equation tl: Constant-Orag Flight Equation 


Reduction of near-parabolic velocities (associated with the lunar return mission) to a point where capture in 
the earth’s atmosphere is assured, ts accomplished by ftying a constant-drag trajectory. 


Constant-drag guidance is achieved using an on-board computed reference trajectory and constant guidance 
factors for Compensation of off-nomina! conditions. The control refrence parameters are computed using 


the following constant drag retationships. 


(L/D) Oe aan ) aa 
Ref And a: unittess) 


. 2D 

Rrot = BV (ft/s) 

D Ref =Do (ft/s*) 
where 


V = velocity { ft/s) 
R = radiat distance {ft) 
g = gravity (ft/s) 


Dg = desired drag level ( ft/s”) 
1 

B = constant associated with atmosphere So 
Gain factors were chosen which relate perturbations in drag and altitude rate to the reference L/D. 

(L/D) gantrot = (L/D) peg + 9.01 (D - OR ef) - 0.002 (FR - Regs) 
Equation tl: Final Phase Equation 
Steering through the denser portions of atmosphere is accomplished using a termina? control method of 
guidance. A mean terminal glide trajectory s prestored into the AGC. Linear perturbation coefficients, used 
to adjust for deviations in flight parameters from nominal values, are also stored. Using velocity as the 
independent vartable, the various quantities in storage are chosen which are used in the basic control 
equation: 

(L/D) control = (L/D) Ret + KiC(R -RRef) + Kz (0 - DRef) + Ky (R - RRetl } 
where 

(L/D) Reg = constant value (* 0.27) 

R Ret = reference range-to-go (radians) 


Dret = reference drag (ft/s*} 


Ret = seference altitude rate (ft/s) 


K, = sensitivity of L/D to deviations in range {unitiess) 
K» = sensitivity of range to deviations in drag tevel (radians/ft/s?) 


K3 = sensitivity of range to deviations in altitude rate {radians/ft/s) 


eS 
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Equation !V: Crossrange for Lateral) Contro! 


Crossrange controt is maintained only when the jateral error (LATANG) is in excess of a computed 
deadband jimit. This limit (somewhat less than the crossrange capability of the spacecraft} is computed 
every 2 seconds as a function of spacecraft velocity. 

When this limit ts exceeded the sign of the commanded roll angle (K2ROLL) is changed so that the 
horizontal component of lift causes the spacecraft to steer laterafiy toward ne target. 


Equation V: Commanded Roll Angle Equation 


Using previously determined quantities (K2ROLL an@ L/D ioptroj) the commanded rol! angle is caiculated 
by 


= = 


L/D 
ROLLC = {K2ROLL) arc-cos | ——COMtlOl | (degrees) 
L/D ret 


where 


L/Dr ot = 0.3 {unitless} 


Entry Congol Programs 


The guidance function, which incorporates the entry control equations previously described together with 
certain logic decisions, can be considered as a basic set of AGC software programs (P60’s}. The programs are 
associated with various phases of the entry profile as described delow. 


P6! — Envy Preparation Program 


a. Purpose: Start navigation, check IMU alignment, and provide EMS initialization data in case of 
communications failures. 


b. Initiation: Astronaut keys DSK Y — V37E 61E 


c. Steering: None, lift vector is oriented full-up (O degrees} or full-down (180 degrees}, according to 
the astronaut specifications. 


d. DSKY Displays: 


VO6N61 
R1 ~ Impact latitude Latitude of splash point 
R2 — Impact longitude Longitude of splash point 
R3 — Heads up/down +] 
VO6N60 
R1—Gmax Maximum predicted g-load 
R2 — V predicted Predicted velocity at El (400 K ft} 
R3 — ‘Ye Predicted entry angle at El 
VO6N63 
R1—RTOGO Range-to-go from 297 ,431-foot altitude 
R2-Vi5 Predicted velocity at 297,431-foot altitude 


R3—Th. Time to 297 ,431-foot aititude 
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P62 -- CM/SM Separation and Preentry Maneuver Program 


a. Purpose: Notifies crew when GNCS is prepared for CM/SM separation. Also orients the spacecraft 
to the entry attitude. 


b, Initiation: P62 entered when P61 compieted and the astronaut keys PROCEED after final P61 
display. 


c. Steering: None, lift vector orientation maintained. 


d. DSKY Displays: 


V50N25 
R1— 00041 Request to separate CM/SM 
R2 Blank 
R3 Blank 

VO6N61 


R1— Impact latitude 
R2 — impact longitude 
R3 — Heads up/down 


VO6N22 : 
; 7 his Desired final gimbal 
R3— AMG angles at E} 


P63 — Envy Control Initialization Program 
a. Purpose: Initializes the entry targeting and guidance equations. 
b. Initiation: P63 entered automatically when P62 achieves the entry attitude. 
c. Steering: None, lift vector orientation maintained. 


d. DSKY Displays: 


VO6N64 
R1-—G Present g-load 
R2-V;j Present velocity 


R3 —RTOGO Range to the target 
P64 — Post 0.05 g Program 
a. Purpose: Perform initial steering while awaiting subsequent phases. 
b. Initiation: P64 is entered automatically when 0.05 4g is sensed by the GNCS. 
c. Steering: 
When 0.05 g is sensed, a calculation is made to determine position of spacecraft in the entry 
corridor, and the 3ift vector is positioned fuil-up or full-<down accordingly. The orientation is 


maintained until a precomputed drag levet is exceeded {somewhat less than 1.5 g}. 


A constant drag trajectory is flown (~ 4 g) until the altitude rate becomes greater (more 
positive) than -700 ft/s. 
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Range-to-go checks are made to determine whether the available range will permit a controlled 


skip maneuver, Because the nominal range-to-target at El is 1,250 nmi, this requirement is never 
satisfied and the constant-drag flight is continued. <= 


A predicted exit velocity for the hypothetical skip maneuver will decrease below 18,000 ft/s 
and exit is made to the fina! phase. 


d. DSKY Displays 


VO6N 74 
R1—8ETA Commanded ro!| 
R2-V; Inertial velocity 
R3—-—G Present g-load 


P67 — Final Phase Program 
a. Purpose: Steer through the dense portion of atmosphere and achieve the pianned spiash point. 
b.. Initiation: P67 is entered automatically from P64 for the nominal lunar return entry. 
c. Steering: Steering is done using a terminal type controller based on a prestored nominal trajectory. 


Guidance is terminated when velocity drops below 1,000 ft/s. 


d. DSKY Displays: 


VOGNE6E 
R1—BETA Commanded roll angle 
R2 — XRNGERR Crossrange error 
R3 — OWNRGER Downrange error 
V16N67 
R1—RTOGO Range to target 
R2—LAT Present latitude 


R3 — LONG Present Jongitude 


TYPICAL ATTITUDE AT ALTITUDE OF 400,000 FEET 


TYPICAL CM/SM SEPARATION ATTITUDE 
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20 degrees y = 4,5 
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Tocal Horizontal 


39 degrees ; =n § | 
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Finat Phase 
Steering 


wake 
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FYPICAT FNTRY PROGRAM SEQUENCE OF EVENTS 


Mission 

Apollo 7 
Apollo 6 
Apoilo 9 
Apollo 10 
Apotlo 11 
Apollo 12 
Apollo 13 


Apollo 14 


64. 17 
165. 03 

68. 00 
164.67 
169, 15 
165, 17 
165. 37 
172, 65 


* Ondoard data losc during entry - miss distance is best estimate 


a ar a a a sd rt 


Fina! DSKY 
Reading 


Weat 
Liwig 
64.16 
16S, Ol 
66, 01 
164. 65 
169,15 
165. 16 
165. 38 
172, 65 


Ship Splash 


APOLLO MISSION SPLAS#i POLNT SUMMARY 


Beet-Escimate 


Report | Trajectory 


North 
Lae 


(27.54 
8.12 
23.2! 
-15,03 
-13, 25 
-15.78 


-21.64 


-27, UO 


(BET) Report 


Wear 
Long 


64.07 
165,02 

67.94 
164. 65 
169.15 
165.15 
16S. 36 
172.659 


Total 
(official) 
Error 
Nmi 


Remarks 

Earth Orbical 
{uanar Recum 
Earth Orbical 
Lunar Return 
Lunar Recurn 
Luner Return 
Lunar Return 


Lunar Return 


Z2$-91 


! 
} 
b 
t 


=e c= ae 
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ENTRY 


P61 
V37 Enter. 61 Entee 
VO6 N61 Flashing 
V06 N6O Flashing, Record 
V06 N63 Flashing, Used for EMS if no Communication 


P62 
V50 N25 Flashing. Request CM/SM Separation 
V06 N61 Flashing 
V06 N22, Monitor 


P63 
V06 N64, Monitor 


: x |x | } | SxP x | x 


x | x 


a SS 


———=———— — 


AREA 


R .O5G 
P .OSG 
Y .05G 


GET 
(HOR CK} 


p 
(HOR CK) 


LAT 
LONG 
MAXG 


V 400K 
Y400K 


RTGO 
vis 
RRT 
RET .0SG 
Dp MAX 
D, MIN 
VL MAX 
Vi MIN 


DO 


RET VcERC 


RETBBO 


RETEBO 


RETDRO 


SXTS 
SFT 


TRN 


BSS 


SPA 
3 XP 


XXX 


XXX (deg) 
XXX (deg) 
XXX (deg) 


KK:KK: XX 
(h:min:s) 


XXX {deg} 


KX ¥X (deat 


xX M.XK (deg) 


XX. (g) 
XXXKXKX (ft/s) 
X.XX (deg) 


XKRXX treme 


KK XX. (ft/s) 


MK: KXKiKX 
(h:min:s) 


KX:XKxX 
(min:s) 


x. (g) 
X.XX (g) 
XXXXX (ft/s) 
XXXXX (ft/s) 


X.XX (g} 


KK: XX 
(min: s) 


KX: KX 
{min:s) 


KXX:XKX 
(min:s) 


KX: KX 
(min:s} 


XX foctal) 
XXX.X (deg) 


XX. (deg) 
XXX (octal) 


XX.X (deg) 
X.X (deg) 
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Splashdown Area Defined by Target Line. 


Spacecraft IMU Gimbal Angles Required for 
Aerodynamic Trim at 0.05 g 


Time of Entry Attitude Horizon Check 
at EF! -17 Minutes. 


Prtech Attitude for Horizon Check at 
£4 -17 Minutes. 


Latitude of Target Point. 

Longitude of Target Point. 

Predicted Maximum Reentry Acceleration. 
lInertial Velocity at Entry Interface. 


Inertial Flight Path Angle at Entry 
interface. 


Range to Go from 0.05 g to Target for 
ENS Initialization. 


Inertial Velocity at 0.05 g fer EMS 
Initialization. 


Reentry Reference Time Based on GET of 
Predicted 400K (DET Start). 


Time of 0.05 g from 400K (RRT}. 


Maximum Acceptable Value of Predicted 
Drag Level (from CMC). 


Minimum Acceptable Value of Predicted 
Drag Levei (from CMC}. 


Maximum Acceptable Value of Exit 
Velocity (from CMC). 


Minimum Acceptable Value of Exit 
Velocity (from CMC). 


Planned Drag Level During Constant g. 


Time from £1 that S/C Vetocity 
Becomes Circular. 


Time from El to the Beginning of 
Blackout. 


Time from El to the End of Blackout. 
Time from Et to Drogue Deployment. 


Sextant Star for Entry Attitude Check. 


Sextant Shaft Setting for Entry Attitude 
Chack. 


Sextant Trunnion Setting for Entry 
Attitude Chack. 


Boresight Star for Entry Attitude Check 
Using the COAS. 


BSS Pitch Angle on COAS. 
BSS X Position on COAS. 


PERTURBATIONS 


BOOST MONITOR 
TLI 
LUNAR ORBIT 
LM DESCENT 
LM ASCENT 


TEl 
ENTRY 


BOOST MOSTTOR ERRORS 


(Significant IMU Errors Only) 


7 2S 


20 
Crniconm pensa ted o Uncompensated 
ye Tb A Hias = é -PIPA Bias = di 
Apogee Error 
le 
= F Apogee Error 
4 


$$$ ee - 4 
4 > 
Apogee Error -@ f 


r 4 
/ 
f 
f 


‘ 
| Til 
f I: “ * 


F f q 
- =50 90 
| sl 
é Perigee Error 
j x | = Gi) i 
of 
= 60 | 
50 
Initial Inner 
Gimbal Misalignment = | Apogee Error 
40 


Te eee = =} 
y-Ovre Orilt = 
20 
Apogee Error 
1d 


4 


Perigee Error 


f e -40 


f Perigee Error -60 


se Fs 
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ERRORS IN PERICYNTHION 
DUE TO VEIOCITY ERRORS DURING TRANSLUNAR COST 


— 


DIRECTION OF | ERROR IN 


VELOCITY ERROR PER ICYNTHICN 
(nmi/tt/ s) 


ERROR EXISTING AT TLI CUTOFF (2:55:5320,GE 7) 

Along V S122 

Along Rx V -0.61 

Along ¥ x {Rx V) -5. 46 

ERROR EXBBTING AT MCC-1 ({TLI + G hours) (11:56:2 GET) 


Along V 
Along Rx V 


Along V x [R x V) 


Along V 
Along R x V 
Along V x (R x V) 


ERROR EXISTING AT Mcc-& (IOI - S hours) (73:31:14 GET) 


Along V* 
Along R¥ x V* 
Along V* x [R* x V*} 


~ a> Foe Te Thats te al hese tea = j — aA , is ie | sare + ocr 
aT 3 Ee lad £ a Fi a =  ¥ fy 5 il - = = 
arta ¥ are | respect i Moor woe Eo dies kt te te be del a 


thas x xe into. 
Dage 


= 
—_— | 


Lunar Sphere of 
Influence 34,759 nmi 
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EK FECT OF INSTRUMENT ERRORS ON THRUST GUIDANCE 


The thrust guidance used on Apollo, in simplified form,. is as follows 


Gvro Drife 


Thruse 
————> 


| Thrust Positioning 


and Thrust Cutoff 


iia 


(PIPA Bias) 


BY nesired 


Cross Product 
Steering 


The above steering loop attempts to drive Vg (velocity to be gained) to zero. The inability 
of the steering loop to drive Vg to zero will result in velocity residuals at the end of the 


burn as displayed in P-40. 


Since the thrust guidance loop performs its caiculations on the difference between AV measured 
and aV desired, the velocity residuals displayed by P-40 at the end of each burn sre not caused by 
instrument errors but by the inability of the steering loop to drive V 


instrument errors result in a difference between the measured incremental velocity changé and 


the true incremental velocity change. Assuming perfect cross product steering (VResiquaijs 


= 0 in P-40) the resultant orbit will differ from the planned orbit. 
between the actual and planned orbits is the error between actual and planned apolune and perilune. 


following tabies relate incremental spacecraft velocity errors, during lunar orbi€ maneuvers, 
iP onJ perilune. Knowing apolune and perilune errors, the table is used to ontain 
rhe required error 1) velociuy, expressed in body axes coordinates. 
converted to possible instrument errors by using che table relating PIPA bias and giro drift to 


Spacecraft veiocity. 


For Example: 


in P-40, after the DO! maneuver. 


A measure of the difference 


This velocity error is then 


Assume a perilune error @+5.0a mi and zero Spacecraft residuajs, as shown 


ie From the “Lunar Orbit Maneuver Perturbation’ table, the most sensitive spacecraili 


velocity error is OV. 


oe The required velocity error is 


. 3.0 n mj 
AV, = 


ae The weighting factors relating instrument errors to velocity errors yield 


= =2 
-0.79x 10 AByx52.9-3,18x% 10 ABZ x 52.9 


- .42 ABL -1.68 AB, 


Therefore: 


Uncempensated AB, 


-.78 n mi/ft/sec 


= -7.14ft/sec. 


-7.14 ft/sec 


+17 cm/sec” 


-7.14 ft/sec 


Or 


Uncompensated AB, = +4.25 cm/sec 


2 


t= 


er 


; where: 
s [ SM-NB 


[Rx (-7, 259) 


For the LM 


X X 
v1 « E oP 25°)| | SM-NB] Y 
245 1 CSM | ISM 


Transformation from stable member to the nav base 
using gimbal angles 


il 


= Rotation matrix about X,jp of -7. 25 degrees to transform 
from nav base space to spacecraft control axes space fer 


the CSM. 
X | a 
vy} = [ sM-nB | Y 
Z Z 
4+S/C LM SM 


respect to thrust. The assumed gimbal angles are as follows: 


LO{ 
De! 


CIRCULARIZATION 


OUTER GIMBAL INNER GIMBAL MIDDLE GIMBAL 
(degrees) (degrees) (degrees) 
0 0 0 
Q 254 8 
180 ve 2 
0 0 ) 
0 100 0 
@ 0 0 


For all maneuvers thrust is assumed along +X> Cc axis, 
/ 


EFFECT OF INSTRUMENT ERRORS ON THRUST GUIDANCE (CONTINUED) 


The “Lunar Orbit Maneuver Perturbation" table also gives the transformation from stable 
member space to spacecraft body control axes space as follows: 


The purpose of this transformation is to indicate the location of the stable member with 
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I 
- 
g 
: 
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APOLLO 16 LUNAK ORBIT MANEUVER PERTURBATIGNS 


——- ee 2 — 
= = « = i i —$ —_— SS ee — a 


ERROR LN ERROK IN STABLE MEMBER TO SPACECRAF’ REFSMMA' 
PERILUNE APOLUNE CONTROL AXES TRANSFORMATION (SM 1. | REFSMMAT | | BRS } 
(nmi/ft/s) (nmi/ft/s) }SC |] =]My4ySM} ks = RASIC REFERENCE SYSTEM 


ns 


RODY AX ES 
MANEUVER VELOCITY 
ERRORS 


AV, -0.09 -0, 68 a 0 0 TIT on tss -O.A4S -0.772 i j 

LOI OV, — -0, :t2 0 0. 992 ~0. 126 %. O19 20. #75 0.283 | Preferred | 
AV, 044 = 0 0. 126 0. 292 | ~0. 877 0, 247 -0. n3 | 3 
AVx ~0.70 = 0. 242 0 U. 370 ] U, 581 0.476 0.659 | [Lunar 

DOl av, = = 0. 122 0. 992 -0. 331 -0. 25] ~0. 664; 0. 70:3 Landing 
AV, — ] _ | =O. 963 0.126 0. 440 | 0. 773 -0.575 -0. 26% al Site 

Vv 32 0.42 “-0. 407 0: -0. 943 — 
Bere aVy i 0. 033 0.93 
Circular ization SV, ~- — 0. 100 -0. 992 -0. 080 | Same as Above 

av, -0.17 0. 20 | -0. 908 -0. 124 0. 400 | 
aVy @.05 = ae 0 0 3 0. 255 “9, 669 0. 69s 7 1 

LOPC AV, Graph A Graph A 0 0. 992 -0. 126 ~0. 039 -0.7)4 -0. 699 Preferred | 
OV, Graph B Graph B 0 0. 126 0. 992 0. 966 -9. 205 (0 FS6 | 
AV, = 0. 6H =O. .297 0 -0. 984 ] 0.055 0. 663 0. 746 ] 

TPr OV, — _ 0 1 0 IT | -0. 223 0. 719 0. 656 Lunar 
ar se -0, 2 0.984 0 ~0, 177 | 0.972 0.207 0.112 | nee 
AVy “ — j 1 0 0 ~0.760 8.043 +0. 648 i 

TEI Av, = = 0 0. 992 -~0.126 0. 389 0. 768 -0. 508 =| Preferred 
AV, = = | r 0. 126 0. 992 0.520 -0. 639 -0. 567 | 


-Indicates coefficient is fess than 0.05 nmi/ft/s. 
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APOLLO 15 LOPC APOLUNE AND PERILUNE PERTURBATIONS 
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WR 2 


+3.0 4 =a 
nmi 


+2.0 
4r, 
+1.0 
: AV esc (ft/s) 
~1.0 


GRAPH A 


Ar 
~3.9 


+3_Q0 nmi 


Ar L +0.5 
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rs 
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ara, | 
wink 
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} 


= ieee 
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=a ? 


-3 -2 = + 2 “' i = 
1 +1 +2 3 Wyo, (ft/s) 


GRAPH B 
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GYRO DRIFTS 


PIPA BIASES 


aie | 


JV cco ERRORS CAUSEI) BY GYRO DRIFTS G x A| AND PIPA BIASES 


' 

pee? 
CM/'SEC ' 
FT/SEC aa 


SEC (ENG TH OF BURN + 30 SECONDS FOR STARTUP OF AVERAGES ROUTINE) ag 


SEC {TIME FROM LAST ALIGNMENT TO BURN) 


+, ogi -- = 


WEIGHT FACTORS RELATE PIPA BIAS AND GYRO DRIF TS TO VELOCITY ERROR, 


LOI 
AV. “3.28 x 10°" AB,AT,, 
AVy <0 ~ 42.76 x 10> NBDY QT, -2.17 x 10°41 NBDZ ST, -3. 25 x 10°? Ag, OT, 40.41 x le” 
AB, Tp 
AV, = -2,17 x 10°4 NBDY AT, -2.76 x 10°? NBDZ AT, --Al x 10°? ABV AT. 325 < le” 
AB, AT, 
pe) 
OV x6 = 0.79 x 10° AB, OT, -3.18 x 10°* AB, OT, 
AY = 1.46 107° NBDX aT, +0. 19 x (07> NBDY ATg -0.36 x 18°5 NBDZ AT, -0. 40 x 10°? 
AB, ST, 3.25 x (0°? AB, AT, + 0.1 x 10°? AB, aT, | 
Ay, = -0.19 x LO"? NBDX AT, -1.50 x 10°5 NBDY aT, +3. 16 x 10°? AB, AT, -0. 41 x 107? 
ABy OT, -0.79 x 10°? AB, OTp 
CIRCULARIZATION | 
AVn5, = 1.33 x LOT? AB, ATp -O. 1 x 107? AB, AT, 43.00. 10°? AB, aT, 
Ove = -4.67x 10°° NBDX AT, -0.64 x 10°° NBDY ATg -2.10 x 10°° NBDZ aT, -0:33 x 10°? : 
AB, ATp #3.25x 10°? AB, AT, +0. 27 x 10°? AB, AT, 
av, = -0.52 x 107° NBDXx AT, 45.12 x 10°° NBDY aT, -0.42 x 10°° NBNZ AT, +2.98 x 10°? 


PLANE CHANGE 


ENV 


*SC 
Av, 
*SC 


AV 


=e? 0 =, 
AB, OT, 40.41 x 10) Abiy A] e 2 ABy AY, 


p P 


-2 
-3, 28 x 10°" AB, AT, 


0.28 x 10° NBDY AT, -2.23 x 107° NBDZ AT, -3. 25 x 10°* AB, AT, + 0.41 x 107° 
ABy ATp 

-2.23 x LO”? NBDY AT, -0.28 x 10° NBDZ ATz -0.41 x 10°? AB, ST, -3.25 x 

AB, AT, 


22 = 
0.58 x 10°? AB, AT, +3. 23 x 10°? AB, AT, 
5.29 x 107° NBDX ST, -0. 95 x 107° NBDZ AT, -3.28 x 1072 AB 


6 


g y At 


NBDY AT, +3. 23 x 10°? AB, GTp +0. 58x 107? AB, AT 


P 


-§.37 x 10° p 


< ; 
-3.28 x 10°" AB, OT, 


+). 28 x 107? NBDY AT, -2.20 x 10°* NBNZ AT_ -3, 25% 10°? AB. AT. +@.41 x L072 


g z oe 
AB, ST, 
-2, 20 104 NBDY OT, -0. 28 x 10°? NBDZ AT, -0. 41 x lO Ab. AT, -3. 25 x Vos 


AR 6AT 


: 2 aaa a ; 
a i s, 
os 
F 2 PB 
— APOLLO 15 LUNAR ORBIT PARAMETERS (TYPICAL) 
ieee |] ANGLE OF ASCENDING NODES 
Ee. 183.4 
eS oe 1.54 PERILUNE (om!) (deg rees) Pe 
3 159. 2- ye J 
PDI 
8 16 24 0 8 16 24 
Time from DOI (hours) Time from D@I (hours) 
57.5 APOLUNE (nomi) 
INCLINATION ANGLE 
$7.3 134.94 — (degrees) 
57.1 134. 84- 
PD: 
66.9 134. 74 rg 
56.7 134. 64 —| - 
0 8 16 24 0 8 16 24 
Time from DOI (bours) Time from DOI (hours) 
| 
0261 ECCENTRICITY 4 970.7 = SEMIMAJOR AXIS 
{nmi} 
Ppi 
025904 a 
970.6 ————— 
PDI 
970.5 >. $$ _ —7—— 
0 8 16 24 0 8 16 24 
Time from DOI (hours) Time from DOI (hours) 


PIPA BIAS (om/sec™) 


- = 


IMU MISALIGNMENTS (mrad. ) 


GYRO DRIFT (meru)* 
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EFFECT OF INSTRUMENT ERRORS ON 
LUNAR LANDING PCSITICN 


APOLLO 15 


CROSS-RANGE DOWN RANGE 
ERRCR ERROR 
(ft) (et) 


* Gyro drift was assumed to start at ignition. 


| 
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: Effect of tnstrument Errors on LM tnsertion Orbit 
Apollo 15 


Perilune Error | Crossrange | Inclination 
tastrument Error |Apolune Error (ft) (Ft) | Error (ft) Error (dea) 


PiPA Bias (cm/s?) 
Graph A O O 
O -2,915 0.026 
Graph B | O 0 
IMU Misalignment 
(arc-seconds} ) 
X (Py) O 0) 48 42x 10-5 
Y (dy) Graph C | Graph C 0 0 
Z (p5} 0) | 0) 2.16 -2.0 x 10-5 
Gyro Drift (meru) | | 
0) 1x 10-4 
Graph D O 
0) . 3.0 x 10-5 


NBDX 
NBDY 
NBDZ 


Nominal Values 


Apotune 45.6 nmi 


Perilune 9 nmi 


a inclination 131 deg 


Saat] 


ee ee en 


PBI? 


LM INSERTION ORBIT APOLUNE AND PERILUNE ERRORS 


ee APOLLO 15 
Altitude Error (ft) Altitude Error (ft) 
30 k | JO k 
20 k +20 k 
10k Apolune lok 
| | 6,, (are-seconds) 
| | / 200 600 1000 
ee — = a ee a ae as n_aa ee ee ee 
5 43 2/7 5 ACBX -1000 -600 -200 | 
ra gE (em/s*) Perilune 
| Perilune 
| ! Apolune 
L—20 k f-<0 k 
| 
| -30 k Graph C 
Graph A 
Altitude Error (ft) 
250k 
‘ Altitude Error (ft) 
| Apolune 
7 Fi ; 
\ 2p by + 4k 
\ | | 
\ r 150) kK 7 3 K 
100 k 2 k 
Perilune | 
lak 
NBDY (meru) 
-100 -60 -20 40 60 80 100 
Perilune ia 
-100k -ek 
-150 k -3 k 
-200 kf ae 
Apolune 
Graph D 


| 
i 
ff 


meee | 
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ERRORS AT THE ENTRY DATERFACE (400,000 FT. ALT. ) 
DUE TO VELOCITY ERRORS DURING TRANSEARTY COAST 


ERROR Mi =RROR IN | ERROR it 
VACUUM TE OF VELCC ITY | SLIGHT SAT: 
PERICGES AT EI ] ANGLE AT EI 
(nmi/ ft/s) (ft/s/ ft/s) | (deprees/ft/s) 


V+ 
RM x V* 
Vx TR x V4) 


TRROR EXISTING AT MCC~6 (ET - 22 hours) (272:58:20 GET) 


Elone V 


along Rx V 
Along V x [R x Vv) 


* R and V are with respect to mocn certered inertial systen 


I< 


Luna Sphere of Influence 


aw (R x Vv) 


nini 


V* Ps 
fab 1 4 QPre 
Definition of [Ss x V* into page 
Velocity Error v4 x (R* x ¥*) 


Direction 


NOTES: 
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TYPICAL LUNAR RETURN ENTRY POSITION ERROR SENSITIVITIES 


AT GUIDANCE TERMINATION 


, , , 
NOMINAL 1, 250 NMI ENTRY 


ERROR SOURCE ' Downrange | Crossrange 
({€ ) Error Error 
(omi/e) (nmi/e) 
NBDX | 0.0 
DRIFT poe 
(meru) ues | -0. Lo 
NBDZ | 0.0 
ACCELEROMETER] ACBN | -4,72 


BIAS si 


Assumed accelerometer operation 15 minutes prior to EI (altitude of 
400, 000 feet). 


Assumed IMU drift from 1.5 hours prior to EI. 
Assumed IMU orientation such that at EI: 


Zem = - Unit (R) 
Xsm = Ygm < Zong 
Cressrange-dewnrange definition: 
North 
Cross range 
a“ 
a 
East 


Nominal 1, 250 Nautical Miles Entry 


b 


SCIENCE 


NAVIGATION 
CSM DIGITAL AUTOPILOT 
LM DIGITAL AUTOPILOT 
LUNAR LANDING 
ORBITS 


Ver 


SCZ 


COASTING FLIGHT NAVIGATION 


The purysse ul Cora stir FUSKt Navigation ts ce cstamale spacecraft posthon and velocity. The estimates are computed 
using urlbital mMechanes and navigiition suthtings to impreve the accuracy of the orbital mechanics. The navigation 
sightings ure incvurporated tnta the position and velocity estimates using a modiiled Kalman filler which is a recursive 
wyitimat estimator tht i chartctertzed by the tellawing computational procegure. 


i. Extrapolate the state vewtor vheaed te time ty. YSIng the best estimate of the state at time tn-1: 
x" tN 
—n nen 


? Fxtrapolate the error covariance matrix in a similar manner. 


# tc iE ‘ T a } = ‘ie , 
(Ente fe gi) Rel le yl It 1! (Uy) = process noise) 


1. Compvte the optimal gain matrix, 


KO] Fe WH, H. FS H_| ey yl (V, = measurement noise) 
4, Calculate 4 tneasurement vector for time ty, 
Y' = (Hy x‘ 

— ose 

. - ; *> 

Update the estimate of the state vector, using the extrapolated state Xn. tne optimal gain {Kqj, the extra- 


polated measurement Ve: and the sctual measurement at time t. Xe 


e ie) é Pi i st 
= + je 
Ry ae Le On Y,) 
6. Uplate the error covariance matrix in a similar manner. 


(FJ = (Es) - (KR) (H,| fe’ 


This precedure 1s illustrated by the follewing bleck diagram. 


a 


SYSTEM 


i 


ee eee | 
Snot] NTT | | 
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Basic Recursive Procedure ul Kalinan Filtering 
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MODIFICATIONS TO THE BASIC KALMAN FILTER 


The basic Kalman filter outlined on the previous page was modified for use in Coasting Flight Navigation 
in the following aspects. 


e 5 1. Instead of extrapolating the error covariance matrix, [E], the square root of \he error covariance 
‘Si matrix ts extrapolated. This insures that the covariance matrix will always be positive semi- 

- definlte and avoids the usual difficulties that occur when computation techniques yield a negative 

. error covarlance matrix. The Square root of the error covariance matrix is called the error 

: transition matrix (W]. 


' 2. The state vector and error transition matrix are extrapolated by integrsting their respective 
second order differential equations via the coasting integration reutine. This 1s done in lieu 
of the state transition appreach and eliminates the necessity of computing a new time varying 
transition matrix for each measurement interva!. 


3. The update of the state vecter after each measurement must first be displayed and approved 
by the astronaut before it is incorporated into the State vector. This eliminates the possibiltts 
of an erroneous update due to an improper mark, 


4. Only one measurement is incorporated at a time. This reduces the dimension of the filter 
equations and changes the matrix inversion in the optimal gain equation to a Scalar division. 


STATE VECTOR DEFINITION 


The State vector for coasting flight navigation is defined as the deviation of the spacecraft pus:tion and 
velocity froma reference conic. 


6ry 
Deviations from 
Ory conic position 
| 6 j ots 
State Vector =x(t) z| ——|= = 
= ap By. 
Ov, 
3% Deviations from 
y conic velocity 
év, 


Deviations from Whe reference conic are assumed to ce Gaussian distrituted with a known mean and var- 
iance. The mean is estimated via the precision integration routines or obtaired from MSFN. The var- 
lance is given by the error covariance matrix, which is precomputed and entered via erasable data Icad. 


CORREIATION BETWEEN BASIC KALMAN FILTER TERMINOLOGY AND COASTING FLIGHT 
TERMINOLOGY 


The folfowing table lists the correlation between basic Kalman filter terminology as used on the previou 
page and Coasting Flight Navigation tezminology to he used on the foliowing pages. 


CELESTIAL NAVIGATION KALMAN FILTER | 
TERM NOLOGY TERNINOL@GY ECREEEa TOD 


2 oo ye 


Bi 
i geometry vector of JH} measurement b SIH 
dimension 'D"” matrix 
vane , | 
weighting vector of (K*] = optimal gain » Dik4] 
dimension "D" matrix 
error transition matrix JE) error covariance [Ej pun) W ry 
of dimension "Dx D" matrix 
| 
| 
State vector x Stale vector x Dx 
: ; -?2 
a priori measurement vt covariance of the a [Vv] 
error varianme (scaiar) measurement neise 
; iati A &< 
measurement deviation (Yh -¥,) = measurement Q > as a 


{ scalar) 


residual 


sc.4 


COASTING INTEGRATION ROUTINE 


The Coasting Integration routine is a standardized subroutine used to integrate spacccraft stale vectors to 


specific times. It is used during each of the three navigation programs (P20-Orbiial Navigation, P22- Rendez.- 
vous Navigation, and P23 Cislunar Midcovrse Navigation) to extrapolate the state vector and error transilin 


matrix ahead to the measurement Ume by direct numerical integration of their differcntial equations. 


—— 


STATE VECTOR EQUATIONS 


The basic equation describing spacecraft motion ls 
Pelle 


0 
| “| (1) 
-ty off. |] 
Trp TLS slag 


= spacecraft position vector 


nl 
te 


c— 
j=. 


{7 


}< 


= spacecraft veloctty vector 
a4 = disturbance acceleration vector 
yw = primary planet gravitation constant 
When the disturbance, 24, is small, then Enckc's method of differentix! acccler:tions can be used to seive 


Equation 1, Encke’s method divides spacecraft notion into nvoa parts: (l} conte vr oscwating orlital mo- 
tion which would result ifag © O and (2) desialion trom cenic motion as a result of ay 2 


ag ene Q) 


v= Yeonic * oY (3) 
where 


Xr, v = gpacecraft position and velocity 


Yeonses Voonic = conic position and velocity 
éz, sv = deviations from conic position ard velocity 


Substitution of Equations 2 and 3 Into the basic equatien ef motion, Equation |, sields differential equa- 
tions for the conic position and velocity and the deviation from conic position and velocity. 


Conic Motion Equation 


= # = 0 

Fconic LG i Be apeeaares 

. i 

v 2 0 v 

~conic | rl ? —conic i+) 
= ! canic = 


Deviation Equation 
7 | | a | 


ve = | F 5 - a 
or | jo | 3 , - | Subsect ad a ‘a 
2 . ; : tnitini Conditions 
ov G 0 uw uP us it.) = e 
where 
a T 
Ge. 0B ed, 7 
r ; onic -conic Tconic 
conic | 


The conic motion equation is solved explicits) using Kepler's suproutinc, Vhe deviztion equation is solved 
by direct numericas integration and ss called the ‘state equation”: it can be written in the form 


{e- 


s{Fix +€ 


ERROR TRANSITION MATRIX EQUATIONS 


The accuracy of the state vector estimation process is characterized hy the error covuriance matrix 
which expresses the mean squared error of each state vector element in matrix form 


state vector estimation error 
€ =x geet (7) 
where 
= estim:tion error 
estimated state vecler 
xX = actual state vector 


error covariance mi:trix 


where 
(Ej = error covarlince matrix 


>= cienotes ‘expected va tuc"’ 


on 


2 a 
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If the state vector is described by Equation 6, then the error covariance matrix is described by 


f= Fe+ert (neglecting process noise} — (9) 


| and the etror transitlon matria is described by 


We FW (LO) 


where 


(ww = (F] 


Equation 10 is the differential equation describing the error transition matrix and is solved by direct 
numerical integration. 


SUMMA —— 


STATE TRANSITION NU MERCIAL INTEGRATION 
EXTRAPOLATION EXTRAPOLATION 


TIME DOMAIN EQUATIONS 


o — ae 1 eye Bl i 
i ee eo ee ay 


all : 


tr 


a 


5 


ves, 
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MEASUR E MENT WCORPORA TION ROUTINE 


The Measurement Incorporation routine, likc the Coasting Intcgralion routine, is used bs all three novisution protrnina, 


Its purpose is to compule u state vcctor update based on the informatien obtained from the navigatlon_- uhtine. 
procedure for updating the slate vector can be divided into three parts. 


The 


1, Compute a geometry vector, 0, based en the state vector and wpe of navigation sighting that is being 


made, 


2. Compute a siate vector update. 


3. Update the state vector and ¢rror transition matrix if the astronaut approves af the incorporation. 


GEOMETRY VECTOR 


Ae 


Af 
The geometry vector rclates the aeasurement, Y_, to the state welor. Xp, according ty Equation 11 


y=) 


“2 


where 


the expected incasuremenr (i =caliur) 


Qcometry vector (n < | column vector} 


(11) 


b 
&n = State veeter extrapolated (a the meigkrement tine via the Coasting Integration rourtne, 


The etate vector for coasting flight savineetion is a deviation trom a reference (osculating) ovbit and the neasurems pt 


vartable can also be thought af as 2 deviation trom a rclerence or nominal. 
determined by wkiny the derivative of the measurement with respect to the stale vector. 


Thus the mexzsurement vector ean 
This can be illustrated for 


the case of cislunar midcourse navigation, where the navigation sighting is the angle between a known near planers 


landmark and a etar ae shown below 


rl cos A 2 bs ry 
Taking partials 


or, COS A-ry sin A 6A 


a 
Ws Ory 


_ 7 J T 1 y : 
6A = (61 ro Avi . Sry rp sin A 


By definition 


r 
or ry a scalar = eae ore 
therefore a 
=f, T 
orp = ér, = uw, ory 
L 
and 
- Bi. cog A ou 
Sa ES AL 
i r. sin A 
3s 
L 
€ Cas V-p font | a abs v=o! \ 
bA= mei os sf 
vy) Sin 4 Me sim A 
Ko “eB, cus A fl 
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The Keometry tector can also be determined by geometrical rclationship between the state vector and the type of 
metsurcivent. Since b is different for vach navigation program. its dcrivalions are presented on the fotlowing pages 
which describe the individual navigation programs. 


COMPUTE THE STATE VECTOR UPDATE 


The Computation of the state vector update encompasses Steps 3, 4, and § of the basic Kalman filtering procedure. 


1. Compute the optimal gain matrix 


; is ik LT -# ld Pa ie 
(Rey = peu?) puke Hl + yy (12) 


or, inthe terminology af coasting flight navigation, 


w= (ww) pb? ww'Tp a3} 


Wz 


(2° + @*) (13) 
where 


optimal gain vector 

urror transition matrix extrapelated forward by the Coasting Integration reutine 
web (a vector used to simplify computations} 

oe ain =! wav'l (analegeus to HE’ H!) 


= measurement nolse covariance (an erasable data laad ur fixed memory constant which depends 
on which navigation program i3 in usc) 


. cise | 
{z- +a} ls a scalar and eliminates the necessity of matrix inversion 


2, Comput the expected measurement based on the extrapolated state vector. 


ae a T # 

Yn = B Xp (14) 
where 

a = expected measurement [rom current navigation sighting 


] = geometry vector 
x" = extrapolated state vector 


3. Compute the state vector update 


Ox = w§Q = wifl¥,- ¥p)) (15) 
where 

ox = state vector update 

. = optimal welghting vector 


6Q = measurement residua! 
Y, = information from current navigation sighting 
= expected measurement 


4 
Yn 


UPDATE TRE STATE VECTOR AND ERROR TRAXSITION MATRIX 
Before the state vector update. 6x, is incorporated into the state vector, it is displayed to the astronaut for his ap- 


proval. Thisis to prevent erroneous tracking cata, such as improperly identified stars or tandmarks,from being used 
to update the State. ‘When astronaut approval has been issued. the Stste vector and crror transition matrie are updated 


as follows: 


CPDATE THE STATE VECTOR 


hy = My + bx (1s) 


where 
Ky = best estimate of state at time t, 
# 


state vector extrapolated ahead from time ee, ee one 


zx 
TT 


state vector update 
UPDATE THE ERROR TRANSITION MATRIX 


The ettuation governing updating of the error covariance matrix is given in Step 6 of the basie Kalman filtering procedure. 
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This can be rewri{tten in terms of coasting flight navigation terminology 


pwwl) = pwiw'T) - wb! pwiw'T (18) 


= 


Equation 18 can be scparated to obtain an equation for updating only the error transitton matrix [W } instead of the 
— product [WW |. 


a 2G 
pw; = [w’]. = 
Pe 
1 * 
where q 
: [ W} .= updated error transition matrix 
[W’} = extrapolated error transition matrix 
ia = optimal gain vector 
z 2 Wilh 
ae te 
a? = measurement noise covariance 
SUMMARY 
; The total spacecraft position and velocity is kept current through extrapolation, updating, and rectification. Rectifica- 
tion ts a process used to redefine the reference trajectery by adding the deviations, dr and dv. to the osculating 
element8, © conic 29d ¥ conic » thereby redefining the esculating orbit and reducing the devintion stute vector to zero, 
‘ 
r covic L conic or 
i) 
| Y couic Vv eenie ov (20) 
br Q 


This process is used to preserve the efficiency of Encke’s method and is illustrated below. 


Extrapolate 
Update 
&xtrapolate 


gt (t) 


- Rectify 


rit) 


Updatc 
Extrapolate AW 


Rectification Measurement tame Measurement time Rectification 
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INITIALIZING THE COASTING FLIGHT NAVIGATION PROGRAMS 
Each of the navigation programs ia Initlatized prior to use by speclfying the mcasurement varlance, wk and Vie intttal 
error transition matrix, {W|. The measurement variance gives a confidence level for the navigation Instrumenis by 
specifying tie variance of all the error sources associated with the instrument. The W matrix gives a cenfidence level 


for the initial esUmate of the stale vector by specifying the mean squared crror in the position and velocity eatimatea. 
(whe initialized as a diagonal matrix which says that Initially the position and velocity errers arc independent. 


MEASUREMENT VARIANCE ININAL 'W" MATRIX 


CISLUNAR MIDCOURSE NAVIGATION ROU TINE 


P.23 
= f ; Z F cy . 
ao @= Var .* Var L. 
’ 
é 2, Lams? (Wy =|—---1- +5. 
= (0,05 mr) 0 ; W yl 


FoL 


ORBITAL NAVIGATION ROUTINE 
P.22 


yon hte ee rae av eco 


a = YaixT 4 Vatryr 


ys ores? + . rosy? 


RENDEZVOUS NAVIGATION PROGRAM {LEM) 
P.20 


RANGE MEASUREMENT FOR RENDEZVOUS 


Var- 
3? = Max Varr. R min 


= 


i 
i 
i 


"CL 


q 


RANGE RATE MEASUREMENT 


i 
' 
0 
| 
i] 
l= 
' 
t 
t 
( 
( 
* 


A e 
tad e Max r? Vary, Vary min 0 
SHAFT ANGLE MEASUREMENT ’ 
= FOR LUNAR SURFACE NAVIGATION 
=e Vers + varymu = Vag + (0.2 mr)! 
, « ¢ 
TRUNNION ANGLE MEASUREMENT wart! 0 
=? 6 : 3 fw) = —=— = “her + 
Oo’ = Vary + Vayau = var § + (0.2 mr} 0 1 Weyl 
cd 
RENDEZVOUS NAVIGATION PROGRAM (CSM) hs 


P.20 


OPTICAL TRACKING 


Vary; 
7 = VersxT + Varimy * yt ; 
CL . 
W pl 0 
vare Le eee a 
= (0.2mr)? ¢ (0, 2mr*4 INT : 3 Weyl 
TCE? 
| VHF RANGING 
Var, 
F omin 
| 3? . 
«e Maz Varn. “tet | 
ALTERNATE LOS 
@* = Var® + Var 
ALT alimu | 
~2 mr)? 
w varar + {0,2 mr) | 


* These values are stored tn crnzable memer\y. 
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ERASABLE DATA LOAD PARAMETERS 


—_— 


ee ee oe 
: i Var ebay RANGEV AR lei 107° Mae (Cem) | wWMIDPOS 30.000 ft 
a | | 
+ Vary may (EMD RV ARMIN (66 m)? I Wy CSM) WMIDVEL | 30 ft/s 
Vary CLAY RATEVAR igtaae 1G * Ww, (GSM) \WORBPOS 0.0 4 
i Viley: nig (OAD VV ARMIES (0. GL 7445 M/s)? W (CSM) WORBVEL 0.0 ! 
F Varig (LM) SHAFTVAR i A Rete Ww, (CSM) S22WSUBL 10,000 in : 
Vary, (LM) PRE NW SR | (1 mend - Wee (LM) WRENDPOS 10, 000 ft 
| VA yop (CSA PXIY AH | (1d oy: W yy CLE § WRENDVEL i0 ft/s 
Vary (CSM) AV AR | v.0 Wg (LM WSHAFT rd mend 
Vit py aay ig, (OST RV ARMIES | (200 It)? Woy (LM) WTRLUN 15 mrad 
Vere aLy (CSM ALTVAR (%. 8 ozrad)- W CoM) WSU RF POS 


W ee (LAI) WSURFVEL 


We ny (CSM) WRENDPOS 10,000 ¢t 


Me. (CSM) WRENOVEL 10 ft/s 
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CISLUNAR MIDCOURSE NAVIGATION PR i 
i ‘ 
; € P23) 
’ a 
Ovring Cialunar midcourae navigation the angle between the lines of sight to a known star and a planetary landmark té measured. i” 
i Thie angle measurement Ié then used to update the state vector via the measurement incorporation routine. The geometry i 
; retattng the angular measurement lo the deviation state vector is given below. 
— . Ue 
STAR/IANDMARK GEOMETRY 
| 
i r 
STAR Landmark 74 
q 
a 
t FS 
A actual angie measured by optics ¢ 
Ao angte corresponding to conic position "3 
4, 
oA measurement variable bi 


(a Kalman (filter variable) 


a 


Se 


: 

im 
-. 
7 
i 


Conic 
Position 
Spacecraft 
Position 


| 
| 


The relationship SDetween the state veclor and measurement variable can be 
determined by redrawing part of the preceding figure. 


Spacecraft 


ms bes 


Lanémark 


FIGURE 


A 
7 The uaoit vector, Up, can be determined from Figure A 
Position u. = unit vector along star 
line-of-sight 
T T unit vector atong landmark 
fe \6P | : Sp a = a &r b? 5x LOS from the spacecraft 
ite! iEey! “cL 


where Uy 48 a unit vector precendicular to tay 


ul, 


ap = Une (Us - oy) 
a Component of Ug along Yor (Ug Ycy} YOL 
wy Unit (ug - (ug Uys D Uo y) 


ew 


<C |. a 
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ORBITAL NAVIGATION - LANOMARK TRACKING 
(P22) 


Ovring orbital navigation, the incetlal tine of sight from the spacecreft to a planeiary landmark is measured by recording the optics 
ahafi and tminnion angies. the IMU gimbal angles. and the ttme of the mark. Up to flve marks are made on cach landmark Ibclere 4 
the Maaaurement Incorporation routine la czlied to update the state vector, 4 


Classical celeatlal mechanica saya thal \f{ the angles between a planetery landmark and two different slare are measured (hen the 
line of stghi from the spacecraft lo the landmark can be determined, or thet two star/landmark measurements arc cquivalent to ; 
one line f-elght meseurement. Orbital navigation uses thie equivatency wt incorporate the line-of-sight measureinent by treating ,. 
(t as two star/landmark meaeurements. The two fictitious ater/landmark measurements are then incocporated In the same manner 

ee ceal atar/landmark meseurements in P23. 


The dimension of the atate vector for orbital cavigation le expasded from aix to nine to 1:actude the landmark postition vector, If the i 
coacept of “devLation state vector” ta carricd over to include the tandmark, then \ 


far 
x = |6¥ a 
iit ort ‘ ;- 
a. I 
| . 
: where 
x 8 orbital navigation atate vector 
ér_e deviation of epacecca poatticn from the reference conic 
Sv = deviation of spacecraft velocity from the reference conic 
or; = deviation of landmark position from the nominal 
The geometry vector, & can de determined using a procedure simitar wo that used for P23. 
c Landmark 
3 a the star LOS'6 are chosen perpendicular to Icy 
; =» Unit a2 § ) 
Me Nominal Candmnark Ase (asi <Ect 
ih t Poattion where: 
bah Hs = Unit (Lon ¥ Ey) 
iT ECL ry = measured LOS 
ny Ecp = expected LOS 
Es Landmark 
Bs , SEL 
iz ér 
! id Nominal Landm:rk 
Position 
Conic 
: Position 
| : The expected tine of sight le tcL: 
: The angle between the star 1-08 
" and landmark LOS fa 
qf 
} A = Ag+5A 
' where 
: A = Star/landmark LOS angle 
; 


A, = Part of angle due to conic 
Or nominat positiona 


GA#= Part of angle due to devi- 
- ations from conic or 
nominal poeltions 


— ~~ 


From the above figure 
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HWEXDEZVOUS NAVIGATION PROGRAM 
(P30) 


Phe Rerdesvous Nas(kahon prokrim, PO. is usta during the rendezvous phases of Aight. Both the CSM and LM computers have 
Pritam P20 so that the CSM can do rendezvous navigation By tracking the LM. or the LM can navigate by tracking wwe CSM. The 
CS) can nilvigne by neasuring th©tine of sight to the LM using the SXT or the COAS, and/or the VHF ranging link. fhe LM uses 
the Remlez.ous Radar co measure range. range rate. RAR shalt angle hias. aad RR trumion angie dias. 


The state vectors for rendex vous navigation art 


oF 
Ya bs 
XCSM An Sum 
60 
0 
ehe re 
deviaten from come pesiuEN 
deviation from conic velocity 
halt angle Iaas 
Téeutine § rendez. measurements, and the gcometry vecters are dctere 


r Line-of-Sipht Measurements Made with he SX or COAS, The line-of-sight measvuremen(s are incorporated into the 
state vector br adopting two fictitious starc/landmack sightings just as with the LOS measurements made during orbital 


narimetion. 


eo VF Range Measurements Made bv the CSM. The geometry vector for VAF ranging 68 derived in the same manner 3s 
ihc AR range measurement vector. The only difference is the dimension of the CSM which Is only 6 versus 9 for the LM. 


. [ ‘Scr fe is used depending on whether the LSI or CSA state vector 
o is being updated. ) 


¥ 


The Zeametry relating Uc AR measurements to the slate vector és describe on the following pages. 


RENDEZVOUS RANGE (r MEASURE MENT 


Component of range duc t.1 
PASthan vectors KnwWie wilh 
rere wunceriaints 


or Kabnan filter meesuremens 
voriahle 
A x 
r T . ir 7 Ff - or - 
| m =LO  -1e Fac’ Fes = 
Cone 
if r r 
= La = il mal ~ 4 — | 
i 
= 
n —if =} mah ef] 
“IA Wee 5 
Ar N , Peay 
m a — = - SE Py 
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VENDEZVAUS KARGE RATE ee MEASUREMEN 1 


{ Itendezvous range rale meaButement has a term due ty deviation from conic velocity 6X3 
and a term duce to deviation from Conic position (ere. The term due to vetocily deviatiat 
{6N is: 


A 
Vv e«aV . 
LM/CSM Relative m LC “tC 
Velocity 5 ws 
; u - \ -6Y)a8u ° {v -V 
Lc ae “lL. =— “i = I-yu é 
: ° Comte Mead tue Me 
. xh \¢ Vi=V «dh 
: Gi m o m 
T Vv where . component of tange rate due lo Vectors known wilh zero unceriamnry 
Ly 1 © 
=| av ae 
me Yc Reo ) 


Coaic 


f ae Kaiman filter meagurement variable 
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Lo 
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i 
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fi 


The readezvousa range rate term due to 9oeition deviation is: 
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REXOEZVOUS RADAR SKAFT ANGIE @) MEASUREMENTS 


Measured 


Lice of Sight 
The Rendervoug Rader ehafl angte .¢ defined in the radsr X-Z 


goordinale lane. The effect af LM and CSM preitem vector 
on the shall ergie can be determined by boniing » ine Pmiection 
of these vectors of the a-z plane: 

e 
6 f 6p 


™ ia) 


whe re 4 © estimate of AA shaft angle due tr ec 


] portian of AR anal angle due lof and ¢ 
o —< =|. 
Canic 


j 
68 © = (Unt Ww aun or | 
RR Coordinate we ee Y at aac © 


Syatem 
The eciusl measured ehaft efgiec hag ran cOmpincnta @ nominal 


one 6UG Lo epecectaf! PoBilion endsn sddilicnal deviation term 
(48) which la an element of the eiale vector 


a ee 


: ‘ T 
The Kalman filler mesauremoent variable on tos =b x 
at tant dw «ull fit a H 
r u “IL =| 
“NE \ 
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RENDEZVOUS RADAR TRUNNI@N ANGLE (61 MEASUREMENTS 


The rendezvous cader trunnion adgle is defined ja the “uc « plsre end can be iliustraled W Prorectue the epececiah 
posilion vectors onto this plane, Like the ahaft ateie it ts di vised imo lwo Componenta. & homing! cae due Co epececraft 
positions and a devialion term 6¢) which ia an element of ve alate vector. 
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CSM DIGITAL AUTOPILOT 
The CSM digital autopilot (DAP) provides a primary atabillzatlon and control function and attitude error 


display for CSM or CSM/LM coasting flight, CSM or CSM/LM powered filght and CM entry, as well as a 
backup SATURN takeover function. 


COASTING FLIGHT 


The CSM coasting [light autopitot or reaction control syatem autopilot (RCS DAP) provides attitude and 
tranelation control In three CSM axee during nonthruating phases of flight. The RCS DAP hae three major 
modee of operation. Auto, Hold and Free. 3s commanded by the S/C CONTROL ewitch. 


The Hold mode matotains or holds the apacecraft {S/C) at a desired attitude within the limite of an atti- 
tude deadband aepecified by the crew. Rotational hand controller (RHC) commande will be processed as 
the dlacrete commanded rate epecifiled in the DAP variable !oad: a new desired attitude will be eatablished 
and maintained opon release of the RiIC. 


The Auto mode enables rate and attitude commands from the steering routines to be processed by the DAP 
for maneuvering the S/C to a dealred attitude at a epecifled rate. With the absence of maneuver com- 
mande, the Auto mode functions a6 an attitude hold mode. RHC commande are processed in the Auto 


mode ae a discrete commanded rate and automatic maneuvering le terminated until} resumed by crew 
action via the DSKY. 


The Free mode of operation releases the S/C from all maneuvere end attitude hold commande, other 
than minimum |mpulee commands, and aliowe the S/C to drift freely. Minimum impulse commande are 
single 14- millisecond centrol jet firtnges which are commanded by the RHC or, If there are no RHC com- 
mande, by the minimum-!mpulee controller (MIC). 


Transiation hand controller (THC) commande are processed in any mode and are combined with rota- 
tion commande for the desired maneuver. When a combination rotation and translation ie not posaible, 
due to a quad falfure, the rotation command has priority, 


ERROR DISPLAY 


The DAP aiso provides attitude error dispiay to the crew via the FDA! attitude error meters, There sre 
three types of attitude error displaye avallable. 


¢ To provide a monitor of autopilot performance, the autopilot following errors or phase plane 
errore (n control axle coordinates can be displayed by keying a V61E. 


To ald the crew (n executing a maDual maneuver. tbe total attitude error with respect to the de- 
eired mapeuver angles In N22 can be displayed by keying V62E. 


® ‘Total Astronaut attitude error with respect to preloaded N17 angles can be displayed by keying 
V69E providing another manual maneuver aid, N17 can be loaded witb a snapshot of the present 
CDW angles by keying VS80E. 


POWERED FLIGHT 


The powered flight autopllot etablilzes and controle the attitude of the spacecraft and melotaloe thrust 
vector control (TVC) during service propulsion system {SPS} thrusting. Pltch and Yaw axte control la 
achieved by TVC DAP generated commands tv the SPS engine glmbal servos to maintain the thruet vector 
thzough the center of gravity of the vehicle. The TVC DAP also accepts angular rate commande from the 
eteering program to poaltion the thrust vector along a deslred thrust direction. 


Roli axils attitude and rate control during powered filght te accompllehed by the TVC Rol! DAP. Ita func 
tlon le etrictly to provide attitude hold about the roll axis of the epacecraft by meane of RCS thrusters, 


ENTRY 


The entry autopllot provides attitude control of the command module (CM) from separaticn from the 
service module (SM) to deployment of the drogue chutes. The DAP has an extra-atmospherlc phase and 
an atmospheric phase. The extra-atmospheric phase provides three-eXxla spacecraft control for the 
trajectory segment prior to 0, 0S g and accepts attitude commande from entry guidance & orlent the S/C 
for tbe onset of 0.05 g. The atmoapberic phase provides attitude control. after 0.05 g about entry roil or 
about the vector direction of 8/C velocity relative to the air masa, to ateer the S/C along the entry trajec— 
tory. The DAP accepte steering commande from the entry guidance programe, 


SATURN TAKEOVER | 


In tbe event of a Saturo {netrumentation unolt (IU) fall, a capability le provided for the CMC to lesue angu- 
lar rate eteerlog commande to the IU autopilot. CMC takeover of Saturn control, which le accomplished 
by meane of the LV GUIDANCE ewitch, may be an automatic or manual steering mode. 


The manual or etick mode ta evallable by keytog V46E. which terminates computation of automatic orode 


attitude errors. Discrete rate commande, based on eraseable parameters, are initlated by meane of the 
RHC and tranemitted to the EU autopilot. 


DAP DATA 


The DAP regtetera containing the variable parametere which determine DAP eelection and desired DAP 
performence are accesaible by keying V48E. 
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CSM DAP CONTROL 
V48E 
Flashing V04 N46 


A 


| CONFIG 


RB c ) E 
Register }: | NTAC XT8BD RATE 
CONFIG - Vehicle Configuration 


02 No DAP I8 requested 

1= CSM :lone 

2= CSM aid IM 

3 = SIVB. CSM oand LM (SIVB contro)} 
G= CSM and 1.M (ascent stage only) 


XTAC - X-Transiations sin); Quads AC 


0=Do noi use AC 
l= Uae AC 


XTBD - X-Translations l sing Quads BD 


0 = Do not use BL 
1 = Use 8() 


DB - Angular Deadband for Attitude Hold and Autumatic: Maneuvers 


0= :0.5 degree 
I = +5.0 degrees 


RATE - Rotatlonalliate for RHC ln HOLD or AUTO Mode at for Autumatic 
Maneuvers, 


0 = 0.05 deg/s 
1s 0.2 deg/s 
2= 0.5 deg/s 
3 < 2.0 deg/s 


0 = Use BB rol) Quads 
1 = Use AC rell Quads 


A, B, C, D- Quad falls 


0 = Quad tsa failed 
1 = Quad operational 


Flashing VO6 N47 


Register 1; CSM weight tn pounds 
Register 2} LM weight in pounds 


Flashing V06 N48 


Register 1: Pitch-trim gimbal! offset, tn 1/100 degree 


Register 2; Yaw-trim gimbal offset, in 1/100 degree 


AUTOMATIC MODE ATTITUDE HOLD MODE 
1. Automatic three-axis rotation. I. Manuad three—axis rotation and trans- 
fat ion, 


2. Manual three-axis rotation and trans- 
lation 2, RHC produces a rotational rate aa 


specified by N46 while out of detent. 
3. Attitude hold to program or manual saree wae. O4 eten 


defined attitude, 3. Attitude hold to attitede selected via 


hend controiler. 
4. Automatic rate damping. 


4, Automatic rate damping. 
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Ne 
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CV cane Rey MART NC A 
ati. ais —aee, sips : 


c=4 


: = -_— a eR re eee wether: ee 
— SST LLL ee 8 Pena a 
CSM DIGITAL TO : 
Trensiation Rand 
Tranafotin *e ry Coatro! Commands 
\? a | 
Error a @ C) | , 
to Control + fs lJet On ae 8/C Coatrol 
Axca +*Q © “ecs 
E Times Balect —_ c bacoceatt 
Error ts zero when we Logie | Cac 
rate damplag or 
RHC not activated, 
Error Is Angular Acceleration 
zero when | Integrator of RCS Jets 
RHC actl- 
vated or a 
CMC Free 
Mode. : Estimated 
KAY ae Angular Rate meanes tat 
& C | Rate Filter = Differentiate Rotetioas “ 
f QO 
end = 
x T reosiations| aed 
Rotatlonal Haad 
Controller Japuts 
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Poaltioo Control 
cDU 
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LM DAP CONTROL 


Ftaghing V0Ol N46 


Register I: 


CONFIG — Vehicle Configuration 


1 = Aacent stage only 
2 © Ascent and descent stages 
3 = LM and CSM Gocked 


ACC — Acceleration Code 


0 = Two-jet translation (RCS Syatem A - minimum impulse} 
1 = Two-jfet tranetatlon (RCS System B - minimum tUnpulse) 
2 = Feur-jet translation {RC3 Syatem A - minimum impulse) 
3 = Feur-jet tranalation (RCS Syatem B- mitsimum impulse) 


ACA — ACA Scaling 


Q « Fine (4 deg/s. max. rate)(0. 4 deg/a ff docked) 
1 = Normal (20 deg’a, max. rate) (2 deg/s fF docked) 


DB — Deadband 


0 = 0.3 degree 
| = 1.0 degree 
2 5.0 degrees 
3 8 9.0 degrees 


RATE — Maneuver Rate (Automatic Mode} 


O = 0.2 deg/s 
1 = 0.5 deg/a 
2 « 2.0 deg/a 
3 = 10.0 deg/s 
Use 0 or I if docked 


Register 2: ABORT 
MONITOR 


A=B=Ca= 0 


AUTO THROT ~ Auo Throttle Backup 


0 = Check Chanoel 0 Bit Sfor Auto Throttle switch setting 
1.3.5.7 = Bypasa auto throttle check of Code 00203 and P66 


ABORT MONITOR — Abort Monitor 


0 = Check Bita | and 4. of Channel 30 for Abort with descent 
or ascent Stage 

1.3.3.7 = Bypase (Rit) monilor of the Abert/Abort Stage 
pushbuttens for an abort 


Fiashing VO6 N47 
Register 1: LM weight in pounds 
Register 2: CSM weight in pounds 
Flashing \’06 N48 


Register |: Pltch-trim engine gimbal angle, in 0.01 degree 
Register 2: Rolf-trim engine <imdel angle, in 0. O01 degree 


AU’'TOMATIC MODE ATTITUDE HOL. .4ODE 
1. Aulomatle three-axis retatien ard 1. Manual three-axls tranalatioa. 
tranalatien. 
2. Manual three-axis rate command uslng 
2. Manual three-axia transiatien. V7, 
3. Manual X-axta rate command 3. Manual mialmum impulse command 
(indsbited tn LPO phase} vaing VT6. 
4. Attitude bold to program defined 4. Atutude hold to attitude selected via 
atdtuce. hand controller. 
S$. Automatic rate dampiag 5. Aulomatic rate damping, 


Vi7 — Used to provide a manual rate command. 
Commanded rotational rate ts proportional 
to hané controller (ACA) deflection. Maxi- 
mum commanded rotationa) rate ja efther 
4 deg/a o¢ 20 deg/a a8 chosen in DAP Dete 
Eoad routine. 


V76 — Used W& provide a minimum Impulee command. 
Reieases Attitude Hold mode and allows vehicle 
to drift freely. Ove impulee la produced for 
each hand controller (ACA) deflection greater 
than 2. 5 degreea. 
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PHASE-PLANF FUNDAMENTALS 
ee 


The ¢quawHons describing spacecraft altitude errors :ind attitude rate errors in the Phase plane are derised as follows: 


ATTITI;DE RATE ERRORS 


ett) = 8) - ap 


whe re 


e(t) = Altitude rate error 


bp (t) = Desired attitude 


- 6p (tg) (desired rate 13 constant over 


ATTITUDE FRRORS 


(t) e(t) = @(t) - 4p (t) {3} 


where 


rate | 


bot) 


sample interval) 


2 (t) = Actual spacecraft 


6(ty) + ad - 4) 


{z = control + disturbance acceleration 
and la assumed corstant over sample 


lote rvai} 
eth = 4 ty) - ap Mo) 


o 


— = a 


Equations 2 and 4 above can be combined to eliminate (t - t,) and solve for the phase plane equation of e(t), 


e(t) =, + fem)" 


or 


e(t) = ey = constant 


* alt - t,) 2) 


= 


rate 


e(t) = Attitude error 


Oealred spacecraft attitude 


a bp Ly ° 8 Ko ft - ty 


(desired attitude should de integral of des: red 
rate for proper phase-plane controth 


a(t} = Actua! spacecraft attitude 


SS a ee 


- 
= 


. |/2a {for constant torque} 


(for zero torquc] 


= Alta} + Aitoh(t - toh - aa at" 


 e(t) = A(to) - 8ptte) * [9 lo) - IP UgN lt - tal 


Care : 
: (as 


t] iy 


(6) 


Equation 5 describes a parabols that goes in a clockwisc phase plane direction for negative applled torque 3nd tn a 


counterclockwise directsoa 


rates snd to the left for negative Initial rates. 


for positive torque. 


Equation 6 describes a straight line going to the right for positive initial 
Equations $ and 6 together describe 2 typical [imle cycle trajectory that 


travels in a clockwise direction about the origin of the err r plane as shown delow. 
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To bring e ande to zero in 
minimum time, 


OPTIMAL PHASE PLANE C@NTROLLEES 
(double lotegrat plant with maximum control acceleration= 3} 
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PURPOSE.- 


To bring e and é to 2e FO with mini- 
mum [uel consumption. (« must be 

| diminishinghy small for minaimur: 
fuel. Thta drasticalli; incrcases 
responee lime.) 
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To achieve a satisfactory mix of time and fucl 
optin:a] control and at the sitiae lime? neinimize whe 
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LM UNDOCKED PHASE-PLANE 


The Purpose of the LM lndocked Phase-Plane logic is to compute and Issue commands to the RCS thrusters in 
order to null spacecraft attitude and attitude rate errors. The thruster commands are in the form of a signed 
time, “here the sign Indicates the sense of rotation (positive or negative) and the fIme is the ducatlon of thrusting 
reqvired t# reach the phase-plane switching boundary. In order to achleve these ends, the phase-plane is divided 


into two principal regions, ROUGKIAW and FINELAW. 


ROUGHLAW 


The 20OUGHLAW phase-plane logic is used for coarse control of 
the spacecraft when the Phase-plane errors are greater than 

11, 25 degrees and/or 5,625 degrees/second. The division be- 
tween the Positive and negative thrusting regiens are shown lo 
the diagcrain on the right. 


FINEGAMN 


Se 


nk eee, 
Teh oe 


= gg - ma —— —- 
So ig i i 


ROI ig, PL Pah, Pkg ASF PLANE 


FINE LAW Dhase«pline logie 1s used whenever the Phase-plane errors are less than 11. 35 degrees and 
The FINELAW phase-planc is configured differently for powered and coastirg Night 
to compensate fer offset accelerations caused by the DPS or APS engine not thrusting through the LM center of 


gravits. 


¢ DRIFTING FLIGHT 


The drifting Slight phase-plane is set up to achieve a mini- 
mum tn pulse limit cycle. ‘When the phaSe-plane errors are 
in the minimum impulse zone, a 14-millisecond jet firing 
wttl »€ commanded. This stould be sufficiemt to reverse the 
Sign on € and cause the spacecraft w drift back to the other 
deadhand 


¢ POWERED FLIGRT 


\When the DPS irim gimbal system is operating during 
puwered flight. the offset accelerations (AGS) will be nuiled 
and the phase-Plane loeks like the drifting {light phase-plane 
except that the minimum impulse zenes are eliminated. 
\When the gimbal! trim system (GTS) 1 not in eperation 

or when AOS is too large (o be nulled within 2 seconds, 

the phase-plane logic is set up according to the magnitude 
of AOS 3S Shown below. The switching curves ure then 
stablished bused on AOS (distur sing acceleraticn) 

AMIN ().4 degrees/second ),ANET NEG (accelerstion due 
lo negative Jels + AOS) or AnET peg (acceleration due to 
positive jets + AOS) and the e&8tablished deadband (DB). 
The DB Is selected as 0.3, 1, or 5 degrees dependent 

upon the mission programs and the LM astronaut, 
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LM/CSM DOCKED PUASE-PIANE 


The purpose of the UM/CSM Dvucked antopilor ss 0 provide backup atcltude control of the dactied cuonfixera-tion 
during deiftirg Aight and docked DES burns. Since this is a Bickup rutoptlol, simplicity is suressed rather Chun 
performance, Sinipticlt.y ws achieved ara follows. 


e The same RCS phase-pline is used for all three control uxcs, nit 
e Only wo-jer thrusting je allowed fer each axis, 


e Jets are turned un or Off ab control sanple intervaia rather than computing; the thrusting time ercQuired 
19 reach the taryel switching pont. 


2 a ES garg my Stee een eg a or 
= 


e The Laraet swlcching parmbolas are replaced by straight line segments. 


The design abjectises of the. <implified aulopeint are wa: 

e «= Enadte low rate altitude maneuvers or attitude hold during drifting Mighe. # 

® Enable RCS atciwde control in conjunction with the GTS (Gimtml Trim Svetem) during docked UPS bucns, 

e Reduce the progobtliuy of bending: mode excitation in excess af docklag-Cunnel load criterta. 

e = Perform tht donve (14k8 agpaming Oat the nambder of Jet firings and RCS fuel] usage are noncritical. 

PHASE-PIANE ME CHANTIZATION 

tn erder to achieve the above design objectives Ure L\S/CSM Docked phase-plane employs rate-limiting, target ' 
tates, and Jet Inhibition logic In addition to the normal ohsee-plane logic. a 


RATE LIMTING 


Rate ibmlting ls tncorpurated blo prevent the RCS jeta from 
Causiig attitude race errors eXcetding |. 125 degrees/sec- 
ord. This qumber was chosen bo siluow the heaviest con- 
figuration to reach a limit cycle with zere overshootg. 
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TYPICAL TRASECTORY FOR VERY 
HEAVY LACS CONFIGURATIONS 


| TARGET RATES : 
( " : 
Hi Targel ratee of “0.1 degree/second for poeltive thruating . 

eee and -0. | degrea/eeoond for negative thruating ere Incorpo- COAST 

Ny rated during powered Might. (Target rate = ¢ for drifting 


fitg®tl) Thia allows a ateady atate limil cycle to be reached 
in mintmum time by bypacsing the Phaze-plane logtc when 
the jets are on an6d thrusting towacd the target cate. 


TYPICAL TRAMCIOAY COR Kirt 
, Lei Co cy a OCs, 
; BATHOU? TaRGt AaTES 


J@T INHIBIT LOCIC 


Jet tnhtbathon lugic oferiutes to reduce bending mode ¢xci- 

Cir Oe Pressventing jet comn:aads. feom reversing: sam al 

a rapid sac. Thatas. of the pels are string negitis-e und ihe 
sib phase plane legic calla for positive jets, then the Jet inhlbi- — 

thon fogic wrna the jets off for a period of | second (0.4 “Hse ee = 

accord for the pitch axzie) before they can be urucd on again, RATE 
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GTS ATTITUDE CONTROL SYSTEM 


Toe Oeacer Frvpulsion Syetam (OFS) engine te meunted ce etmbals 90 that tt can rotate about the LM pitch and 
roll axes Gaesety Mie Mng the thrust vector with the Em center of gravity. Thie (eatare can be used (or attiwde 
~—eontrol 1{ ce sctilude error and error rates are small. j 


GIMBAL TRIMS STEM MECRANIZATIO} 


The Cambs Tr nm S¥atem (CTS) ts controlied dy the LOC which 
basuea anit © sr off commanda, The GTS responds to Weee 
commands = maulng the DPS engine about ite hinge pin ate 
constant ree. R The resulting deflection of the DPS engine 


produces ar Steet lorque on the LM which can be used ss the CENTER 
control sccea@cation, The relationaNlp between this engvier cnn . 
acceleratce aad DPS engine deflect on 18 Glven dy Equatloa 1. ROY 
aes Fl.é 
g22 Oe a) 
where 
& = soacecraft angular acceleretion TRIM GIMBAL THRUST 
le sosecec raft moment ef inertia HINGE Pim t 
T 2 t-sgue due to DPS engine gimbsling 
resin § = FLéE(smatlangle approximation) 
r PS engine thrust 
i = tri Kimbat hinge Pn to center of gravity distance 
com be} defiec tion 
Gimtal 
Drive i Deflection Cootrot 
Limiting Eectivaness 
Loc . 


Gimbal 
| DafNlection 


Spacecraft 


Angulac Acceleration 


’ GTS FUNCTIONAL BLOCK DIAGRAM 


GTS CONTROL LAW 
The GTS cootrol jaw base (wo modes of Operation: Acceleration Nulling aad Attitude Control. 
ACCELERATION NULLING M@DE 


The Acceterauon Nulling mode ts used wheo the RCS phaee-plane errcr’s lie outetde the coast zone and the RCS pets are 
therefore controtiing attude. la thra mode, a drive time ts compited to drive (be trim gimbal ec that the thrust vector 
18 aligned with che LM center of gravity, 


T 4 FLAX \ 
eoere 


T © drive time duration 
FLR Je control cffectivenesa 
© 4.2 gain tactor used to pravent overs boots in tbe covtrol Jaw. 


ATTITUDE CONTROL MODE 


Toe ACituve Control mode uses a “time-optimal’ control law to control spacecraft agitude, attitude rate. and 
a'Sular acceleration. Tde ttme—optimal contol law waa choeen for tee reasons: 


1 Eve, cost of the contre! effort ig acgligible because the DPS engine 16 a and thrusting and the elé@-ctricial 
pener required (co drive the gtmdal la very emall. 


te 


Respocec time is an important consigeracion because of tbe fixed. slov (0.2 degree’ second) Zimbe) drive 
rate 


Thie al control law 18 a three-dimensional phase-planc pe centroller designed todrive altitude error (eb 
ind its furst two decivativee ¢¢ and &) to zero gimuiteceoualy. The contro] law def ina & switching surface tad iaauce 
poartive drive commanda when the erroré are on one side of tbe aurface and négalive drive commands on the o(ber 
side of the surface. Control loop sampling ratea and GOA fiaetime detays act to produce error lim\( cycles with 
higa amplitudes ard slow settle-out time. To compensate for this, a control effectivenese gatn of 0.) Is introduced 
tberedy modilywg the switcbiog surface. 
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STATE FSTIMATOR 


————————_—————————— 


The gurtu<: of the State Fstiniiter is to conpute sixacecrahl ateilude. sttlude cote, sad angular acecde rates boiceed say 
the aletude infosm ation oftiitned frem tke CII. Whe problens then ts to cstimite Che slate vector lsted on neusy mens. 
urcments Of me element ofthe ste vector, The salutian of the prodiens rs potceracd after Katmom flleriung and uses 
wrecurane filter with gains bated an engineering cunsiderakads rather man scolistlecel ap ciaazation. 


STATE EQUATION (Continuous Sistem) 


re (t) [AG] x) + (Bt) wie) rm fe) (1) 
Buy ee \ oO. Ole) C OU; QO UW .¢Uc¢ are assumcd constant 
lee =|0 Of flous! +[bas O]fUc]l +] O | : over Centrul simple interval 
lam] Lo OOflacy oO | Mee os ‘ 3 
t * t..  * 
STATE EQUATION (Discrete System) They = et firtag time 
Tin tua 
wa (tn) =[Pem tad) olen) fh (tm v)] [Bev] Wer) AY «flee, n] amar (3) 
times Caor 
Or: 
‘Len, = [o,.,] he mai +c] os aT | ig We. (4) 
It tixeting Kt2Re] [4 7 Te] 
Kani) = [Pita ta.) =]O |! tax. (4 boy (s) 
0 Oo 1 | 
Tete 


DRIVING MATRIX 


Tt. TE Os os Wall oO 9] 
Gaal | ot. wf[em)ar = a 1 ta-T ew lal (6) 
: t 


o ] 0 1 = 
mel ae 
tn 
2, d 
wlrhtet) (ta Tee (TT Te/2) TA 
“ b, (7) tact (hay = Tet Thy (7) 
0 ] 8) zh 
Come) 
MEASUREMENT EQUATION 
a Blt) = Meow f we ce , Measurement noise, primarily CDL quanueing error | (g) 
NOMENCLATURE 
xl) stale vector 
u(t) control or driving vector 
ny Precess omise vector 
aq) spacecraft altinrde 
20(t) spacecraft altitude rate 
cx (8) > spacecraft anguiar acceleration 
a anguiar acceleration de lo RCS jets 
ug rate of change of angular acceleration de to GTS 
CG spacecraft <isairbance due toCC mevement, nozzle erosion. propelient 
slesh. and xo on 
tm measured spaceccaft sultude 
3 try Iya time af present and past state vector estimates. respectively 
a contro) sample anterval 


Tyee duration of RCS jet firing 


“ 
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STATE ESTIMATOR (Cont) 


STATE FSTIMATOR MECHANIZ.ATION 


The State Estimator is mechanized as 9 two-part process: State Vector Extrapolation and State Vector Updating. —_ 


» Ver ‘xtrapolation 
state Vector Extr an 


The state vector is extrapolated using Equation 4 where the state transition matri& [ ol {3 defined in Equation 5 
and the driving Matrix [Gy 4] in Equation 7. The pr cess noise is assumed to be random with zero mein so that the 
best catimate of its vffect on the siate vector is ero. 


: A n caeeg: T. 2 
Cx = Gm-1  * AS Wr, * WP mir. Nee (+ a ie ) Uj af Ye AG (4) 
A A 
ad SUG) soe “NhCee es FS yt Uy + Ve Ug ee 
r A (di 


Ob. — OL wa. + itz 


Stale Vecur Updating 


The state vector ls updated based on the veighting functions and the measurement residual 


N\ 7 r ( s ) 

” ' 

Cy . Ly Key ( 8 0.) CES) 
O., = om + Kaye (Gm-9,,) (1a) 


The méasurement residual 1s the difference between the acwal measurement, @_, and the expected measurement, 
66 The cxpected messuremen? is equal We extrapolated estimate of spacecraft attitude. because the measurement 
noise, Repy, is assumed to be random wtth zero mean and the best estimate of its cffect on the nw-asurement is 
therefore zero. 


The wetghting functions use a threshold logic to filter out COU quantizing roise. Fhis means that if ihe measurement 
reaidual is iess than a preselected threshold, the we(ghting function is zoro and the measurement residual is ignored. 
When the measurement residual is above the threshoid. the gain iS not zero and the measurement residual is used to 
update the state vector. In other words, small variations between the meaagured and expected altitudes are assumed 
to be due to CDU quantizing aid large variations due to spacecraft maveuvering. 


The weighting functions also var’ as functlon of the time since the measurcment residual] jast exceeded the threshold 
Tevel. 


Weighting Functlons 
Ee poll Ae cen) 


Attitude Rate Gain Angutar Acceteration Galn 
Attltude Gain ; r 
for 10. O14 Ouax 2 KyzO for 16,-6,1% 6... 5 Ky=O 
? 
for | Co 6. | 4 Ooi ; p Keo Ka/ 2 ‘ 
Kgt a4 tor Be Ba he Beet ved : For | Bom Bn | r Cmax . 
| { ews 
; ; '4 k.>2°— re \ K —— : 
Sor | Gm - 8,, | > Pear’ . = My ba Nis ' \ * ms t Neo * A ow, 
Ko = | ed undocked (N.,=0} ‘eal oo undocked (Na = 6°! 
7 fe docked (N..*'©) " “Ss —— docked (N4= 60) 
a ——————— a —— i 
Feel » s #2 ¢ = @ «6 e¢¢ m+ — ; 7 ——- i we = a iW, 


no. of DAP passes since 


no, of DAP passes since 
threshold was last exceeded . 


threshold was last exceeded 


7T HA i 
HRESHOLD LOGIC ECatine 


FUNCTION 
; ri 
8 
K Bn 
—SS. a) 
+ih a 
a yr i eke ee eee On 
e: 
MEASUREMENT fo) 
MAT Rix ws 


STATE ESTIMATOR FUNCTIONAL BLOCK DIAGRAM 


uu) STATE VECTOR 
Us EXTRAPOLATION 
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1fACCS ROUTINE 


The WACCS routine te echeodvied ds Servicer every 2 seconde during poe ered flight. The purpuer of the LACCS 
todine Ia to comple accelerations due to R S Jet firtngs, velicic moments of inertia, and the sebicle center -f 
Croevity as (ractions gf vehicle mass. The a-s2ae of ihe vebscle 10 compuled by Servicer every 2 teconda lo accauni 
for fuel consumed by the main thrusting eogine. The mass Compvralicn ia P<tformed according la FE quaiuon | hared 
. ea velocity chaoges measored by the PUPA ‘a. 

ft 


b°| theme jt -a 
' m (t) oy | =) ay) 


m (ta) = velicle mase al current time, t 

m (tC) @ vehic e maga at last time increment, 4 
OV = chenge on velocity as moneured by tho PIPA‘s betwoen limes (,_ | avdt. 

i ve = exhaist velocity conslect 

V (OPS) © 2.956. 489 metere/ second 

V (APR © 3,930 meera,accrad 

V (RCS = V (DPS) or ¥ (APS) 


The Cuactions used by 1/ACCS to compere jet accelerations, momunts cf inertia, and center.o.gravity location 
' ere giveo below 


ACS Jet Accelecalioas 


e 


chat fereed coe pede 
- ——— a 


One-jet accelerutiona are computed as hyperbolic 
fanculoes of vebicle masa. 


~ 


= 
oe 


whete 


m ° mass of vohicle (Equation 1 above, 


P A113 COMTEOL AYINOSITT “i. {eg vaody 
. z 
& 


a, b.¢ = censtants Oe) 
bai 
i 
aoa a2 
; 
Ma! e a= 1) i= aE = i 72.055 
TOTAL M443 UC tl those pion US Maced {= trlogwo,) ' 
| m. > 
u. ; . 10 
t H, 7 . i 
ie g “= - : 
tb - “t ; | : [dencent conligueaton] cons gure hon! 
} ® 
tr : : 
4 > @, POR TRE G 405 
} om) 
< V2: ey 
24 34 = 
¥ a e 4 8) POR Tok R AlUus 
+s 3 
p. COVER. ut” a. 
TzD - 
“1 5 © tetuEsamss 4 } 
| i 
Cl —————————— = —— — i 
) ooo or bes] axe 0 aon) 0 
w mass pe cp ww, 
Vonicie Moment of loertia 
One-jJe\; secelezatione for tbe pitch and roll azes lo oe 
the CSM/LX docked configuration ave comm-ted ‘ ‘ 1 
according 10a, = TA. Thetorque, T, ia as- f 
Sumed constant and the inertia, |, ls computed , os) ; 
' as o Quadrs.cie fsactiun nf the LW mass ano : 
Ihe CSM mass. z 1-10), 
T= aio dy's crys de ove [ - a3 
where z 
i= moment of inertia eBovl Mico of roll axee ; 
xe CSM mase 3 io 94 CS ah - 
y = Lat maese 2 
a.b.c.de.f = consteow . 
B= = - — ———— oo” — 
5 © Soe x one 1 oe oe c 
TOT a, SS et ed ples Le meaea ek ae 
Hinge Pin to Center of Gravity Distance 00 


Cie wASS - ama, 


—_ 


F?. 000k, 
A : a aun 
: a sr em ees al ¢ 4 bg 
LM mese + ta FR tg 


,! where 4 b. ¢. = constant 

1 

= a oo C=as'. by? + cay~ dae ey+ f 
¥ | ze f{SM mass 

: yolLM maser 


&o.¢.de.f = conatensg 


] _s DH i, 
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LUNAR LANDING 
CUIDANCE ¢ NAVIGATION 


DESIZED AIM- POINT. 


CONDITIONS | 


ESTIMATED 
STAKE VECTOR: || “Ste vcr QUADRATIC 


ee iS aeprcinpaetee 
ROUTINE 


Www ow Uwop 
POW THR G VECTOR 


TRRUST 


WERTIAL ACCELERATION COMMANOS 


GE-OS 


“st 
RELATIVE CPIPAS) —~2 , mn AT TVYOOE 
POSITION & VELOCIT he. ; DIGITAL a COMMANDS 
| : || & "auto prot f 
(LANDING RADAR) : 
Ar 
THRUST VECTOR 
LUNAR LANDING NAVIGATION LUNAR LANDING GUIDANCE 
| 
NAVIGATION \S PERFORMED GY THE STATE TWEE QUADRATIC GUIDANCE EQUATIONS 
VECTOR UPOATE ROUTINE. wwiicH USES A GENERATE THRUST € ATTITUDE COMMANDOS 
MODIFIED KALMAN FILTER YO ESTIMATE THE BASED ON THE PRESENT VENICLE STATE 
VEWICLE STATE VECTOR GASEO OW PIPA § VECTOR ANO THE CESIRED AIM POINT 
LANDING RADAR HEASUREMENTS. CONDITIONS. THE THRUST € ATT TUDE 


COMMANDS ACE EXECUTED BY THE 


SPACECeENFT TO ACHIEVE TRE ODOEsieeon 
“TRATEC TORY. 


See Sa " 


Seer 
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PRIMARY CONSTRAINTS ON LUNAR LANDING 


THE TERMINAL POINT 19 CONSTRAINED 
IN POSITION ANO VELOCITY 


THE INVTIAL POINT 19 CONSTRAINED q 
IN POSITION AND VELOCITY | 


Tite) = Ras {y.andomg Sire) Lleol - Le ~ PRESENT POSITION 


(SOFT LAWOING) 


IWITLAL 


ots.) ~ 2 


TERMINAL 
pan stny ; COwOrTiow 
a ai FOTN 
Wii ae | DESRED 

TRATE 


eTory | 


ee ee ee 
Xo Ts; 


Vite? + Ye - PRESENT VELOCITY 


Miter: &; 


jitlannieaiiee TAS. 


BASIC GUIDANCE SCHEME 


EXPRESS LEM POSITION AS A 
TAYLOR SERIES IW TIME EXPANDED 
ABOUT THE TE RMIWAL TIME Xe. 


EXPRESS VELOCITY AND 


Med | Leg) eee Ut-Te) & FUER. 


= Cee) var (ugdle-Ted © Cette > oye 
a 


CAPABILITY OF THE BASIC CUIDANCE SCHEME 


THE FOQCM OF THE ACCELEQATION PROFUE GS DETERMIBDEO GY THE 
NUMGER OF “TERMS WO_VOED IN THE YAVYLOR SERIES EXPANSION OF fad. 


ROE . 
ean N ' < NJ =3 


ELERATION AS THE FIRST ANDO 


SECOND OE RIVA TIVES OF POSTION. PROFILE ANO GRAVITY. | 


mec. COMPUTE “THRUST COMMANDS 
FROM THE ACCRELEAATIOR 


ArCRY © AM KEY + ALTERL-Te) Jute greys -= ALR on = Alyse Wteiletele o-e 
ALep~ BAlred © Hehe} + +e 


ot, 
THAUST (ed = Areuy>s AlN) Quay 


N=4 


POSITION . i 
EQUATION Pints» area ag) * Oy (ang TADS Ty sy ih «Biel Wy ag RES | UR Ee sagt TA) Oy Cate gd (AE yl a Se (ete 
sa le m4 
WELOCITY 1 
Fo ueT PON ariabe ary ys hy L4a-ty) windy Ags Gg le-ty) © je uty)" ariti= Mp 4 Oe (ute) © ag La-ty’, Ss (tater 
KCCELERAT OM 
paarrice Gisl= Oe MX ley= Ge + ap C4-ty) | atel =e © igla-tg) » Sy ley) 
3 
j wT. Caw bere ey PRIA, Cop trv je.)s 
{ ar tere, Final Ge 
| rine |  Gegde jg 
| ROWE RAT IOR! oltghs Oe 
| Panes ia 
Piri Ty, 
[ 
| EE 1 a 
| ee te 
EFFECT OF UINITIAL CONSTRAINTS | 
POSTON | ssi 5 | , 2 6. te 2 
COMmsTRaAWT oT ie {' ote) = 8 Tye] &. ng» [ian “Wy Tee mde ¥ Js Og + (Cte) Tye may Tye = Se Ef le 
Hult C5 Tet > * - ¥ 
VELOCITY | Op, * (Cay-a) Op =) tae od -ag Te YL Cue ef tan-e) -deg Te — Se te 1 2 
ei eseas sin h 4 To. aL k i > i] Tye et ate ed 5 r 4 -¥. ] x 
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SECONDARY CONSTRAINTS OF LUNAR LANDING 


®@ REACH “TERMINAL CONDITIONS WITH FNGH ACCURACY 
@e VERTICAL DESCENT FOR LAST 200 $+. ATA RTE OF -3 tleec. 
@ LANDING SITE VISIBILITY FOR 2,00 SEC. BEFORE TOUCHDOWN 


MODIFICATIONS TO BASIC GUIOANCE SCHEME 


THE - FOLLOWING MODIFICATIONG WERE MADE TO THE 
BASIC QUADRATIC GUIDANCE SCREME IN OROECR TO ACHIEVE 
THE GSECOAMDARY CONSTRAINTS OF LUNA LANDING 


@ THE DESICED TRATECTOR 15 REDEFINED ON EVERY 
ITERATION CYCLE (2 SEC.) SUCH THAT THE INITIAL CONDITIONS 
(W (to), arit,)) ARE THE CURRENT BEST ESTIMATE OF VEHICLE 

STATE AG DETERMINED BY THE STATE VECTOR UPDATE ROUTINE. 

THIS ENAGLES PIN-POINT ACCURACY BY ELIMINATING CUMULATIVE 

ERRORS IN THE IMPLEMENTATION OF THE BASIC SCHEME. 


@ THE LANDING SEQUENCE iG DIVIDED INTO THREE PHASES EACH 
WIT ITS DWN FINAL CONDITIONS OR Aim POIWTS. 


1, BRAKING PHASE 
THIS PUASE BRAKES THE LEM DOWN FROM ORGITAL. 
VELOCITY AND 1S “TARGETED SUCH THAT “THE LANDING SITE 
VISIBILITY CONSTRAINTS CAN BE HET OURING THE visimiuTy 
PHASE. 


2. VISIBILITY PHAGE (APPROACH PHASE) 
THIS PUASE 1S FLOWN WITH THE LEM ORIENTED SutH 
THAT THE LANDING SITE 1S VISIBLE FOR LANDING SITE RE- 
DESIGNATION. “TARGETING 1S CHOSEN TO YIELD “THE PROPER 
WHTIAL CONOITIONS FOR VERTICAL OESCENT CONSISTENT 
WITH THE VISIBILITY CONSTRAINTS. 


3. VERTICAL DESCENT PHASE 
THIG PHASE REDUCES “THE SPACECRAFT HORIZONTAL 
VELOCITY TO ZERO AND VERTICAL VELOCITY TO -—S Rice. 
QUADRATIC GUIDANCE 15 NOT USED. 


IGNITION WI LOW 
Vx S600 tt/sec. GATE GATE 
Vx 330 My, Vaz 7 &tfsec.. 


H%S0,000 St. 


H®-S Rleec. Ha 7300Kt. H 8 200F* 


We -1eY Hf, HH M-bERI/SEC 


TOUCHDOWN 


ly 

Q | 

> VERTICAL 

. DESCENT 

z DURATION 
~~ 4O Sk&. 


BRAKING PHASE APPROACH . 
OURATION 2% 560 sec ohne ise 


EEE 
SURFACE RANGE 


4 


DERIVATION OF QUADRATIC GUIDANCE LAW 


EXPRESS THE POSITION , VELOCITY<~ ACCELERATION EQUATIONS IW MATRIX FORM 


law) Tye*/on Tao | 
ar ct) Te Te! T° 
7 rl 3; 1 =3 


WHERE : Tyo = i-s 


REARRANGE THE MATRIX EQUATION SUCH THAT Alt) Ss Ode THE OLPENOANT 
VARIABLES ARE EXPRESSED WK) TERMS OF 


VAQLARLES . 


st Oo 
je 

ae 

Oey F/Cl ~ 


SOLVE THE ABOVE EQUATION FOR GW) ,S¢ , dp. 


QUO} fy “Rg ; ye ra] fe 
= [2H Tyg Yaa WS Tey || re 
4 | ue OT Pg. UE sO 


— = ——— 


QUADRATIC ACCELERATION EQUATION 
Alt} = Ac = ac (e-teds Sp tate” 


GwaERE 2 
Jes -28 (Fe-Fo)- 2 (We Sarg) oO 
“lg ‘yp a7 
Sy= 72 (fe - Tol + 2H (ary eve ole Qe 
a Tye? Ty; 


LEADTIME COMPENSATION 
: eae fF WWI Dy rags Ty Se Ted 


i é 
a 
_— —"*Y (LEAD TINE) 
te t, ty t 
| 
“Tqo™ 
fe 
Tao 


jg 4 Se ARE EVALVUATECO AT 4... Git) 15 
EVALUATED & tL, TO WELD LEAD TIME 
COMPENSATION. 


O(t,) = Oe * it Tp +*Se Te 


T P =-4 
> bf 
Tae" 132? 
+(-18 Tet +24 ws) N's 
Td T2,* 
+( xaitp a2 612 m3) My’, 
Te 2 Tal 
a | 5° 
+ lo #1 
( Tok.” Tes Ss 


we ee 


—— SO Ee a) 


0.0, 


xt 
a 
— 


ar(t) TD» Oey ff ONE y THE INDEPENDANT ? 


aaa 


B-=-EQa+« FH 
ACG x OH 


VV, -EG ih 
e}  [[6-ee-8 FL 
-f _ O -E}|G) [-t FIT H 


(x) A AW] @ 
A= tx) LW 8B 


_  —— 
——_— Ss 


IME-TO-GO COMPUTATION 


TIME TO GO IS COMPUTEO TO SATISFY 
THE REQUIRED FINAL VALUL OF OOWN- 
RANGE JERK. 


FROM “THE ABOVE EQUATIONS + 
4 ~ 24 (¥ -", J -te ( AYo. + IN: ) -b 
.s my ee “et 1a 2 ty Tye 2 


TUS EQUATION 1% SOLVED FOR Ti Sv A 
WEWSTOn). BRAPSON ITERATION TEEHMMIGLE. 


fc) Live OF Tauxccncy 
= a AT Me 
Wew Tow f SLOPE = &f 
RWAPS OW he 
A, 


TO £310 ADs 

dF /4 4. 
INITIAL GUESS BA, Ae 
NEw APPROLIHATION = 4L.-h4 


TO FIDD “TIKE-TO-GoO : 
MIMAL GUESS » TTT 
NEW APPROKIMATION = TTT -ATTT 


: 3 
jpg TI? Hoag TIT Large duy TET -240 Mog- HQ) 


ES. 
3 i gs oe ALAC TTT + (Ne.+ SM) 
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BASIC MECHANIZATION OF QUADRATIC GUIDANCE (P63, Pb 


THE FOLLOWING SEQUENCE OF COMPUTATIONS 1S PERFORMED 
PURING TACH TWO GECOND GUIDANCE CYCLE. 


COMPUTE __TIME-TO-GO 
TCOMPUTE DT TT] DITT = _Sge TIT" eb Oga0tT + (18M, + 6M.) TTT +24(14,-%, ) 


Sip TIT" ri2ZQe TTT +(IGN4, +b A.) 


[TIT TTT+0TTT] 
€ \S WWITIAUZEO OW EACH 2 SEC. CYCLE 


€ = es Gas & 
Woy hea 


a, oe 


2. COMPUTE ACCELERATION COMMAND 


 ) Tg Ty? 
ao” -(- 24 a (Ye-f.) + (-19 rue + 24 a an 
, ae « 
cn ue Ts ( Ve og SS x 
+ (-e +12 Sy) a +(oee-oe +1)a, -g 
GIHER ES 
V, | PRESENT VENICLE : 
| POSITION) é vevoer ‘ ERASAGLE OCATA LOAD AAM-POINTS 
FROM STAT CTO 
~ " LPOATES ROUTINE Ploy 
Og) DESIRED Airt-PONT Pe “aNtG. 3s /58.5 
COWOITIONS FOR -* ae as 
Ped or Ped. (#¢) 1741.44 [-27.35 | 
cg) CERASABLE LOAD) ae -"5 rye | ea 
Vag = TTT as ff Z - 9: 
YP pETERFUNED AGOVE (#t/sec) | -/60.75 Ges 
=o |. OF717 
Tes @- TV) + LEADTIME ge | 2. 0 
( LEAOTINE = 2.2 sec (se/sec*) | -8. S02. -.589 
ERASABLE LOAD) : 2 -2 
= GRAWTY VECTOR Jp.= 1.512 wtO~ 4.317 =10 
(ft/sec?) 


RADIAL GUIDANCE 

IF TWE DESIRED ACCELERATION IS GREATER THAN MAY. EVIGNE 
THRUST J THEN COWNRANGE THRUST 15 LIMITED. 

x 

be f MAX. THRUST LEVEL 


saw -~ 


RADIAL THRUST COMPONENT 


~ Ba "CORRECTED OCOWNRANGE “THRUST 


DESIRED ‘own RANGE THRUST 


a ee ee ee wanale i 


es 


PLAN IRE 


pea ign oel apne, 


° eng crepe partemen .. chaee 


See BLS 
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BASIC MECHANIZATION (cour) 


3. ALIGN THE GUIDANCE COORDINATE FRAME . 3 


THE GUIDANCE FRAME 1S ALIGNED SO THAT THE CROSS-RANGE (Y-CONPONENT) 
OF JERK IS ZERO AT PHAGE TERMINUS. THE Y.COMPONENT OF i¢ 15 
GWEN BY THE QUADRATIC GuiDA DCE EQUATIONS, 


ve < -f2(e 304) - Be -v eo ee am UC NNee Gia) 
u “ye os 7 Tq vy OY Tyo + XG ~s 
THE YW -TONnPONENTS OF “THE AIM-POINT VECTORS Uve <« UNIT (nsx “4 Ty )) 
AQE SPECIFIED AG ZERO ? Vee Ney gy = © : 
Bex Gra «is de , 24 ¢ Uag =Uyg * Ay, 


: _ Tas 7 ay Tae 
OF: Voy ~My =O =e YoY) = 0 


THUS, THE GUDANCE FRAME 19 ALIGNE® wWiTH_ITS 
Y-AKIS PERPENDICULAR TO THE VECTOR (Sex No "32 ) 


4. COMPUTE THE WINDOW POINTING VECTOR 
bworp =UmMt (fp) | Di Ll ; yr 2% 
oe pecocennt: ieee 
ay cs € ° Lg 't 
gh mma Smte iS ae VASILE AND! TwE " 


: WA. 3 ANtNOO W- POUITING VECTOR 1S 
‘ D 4&5 &4L1QGNED ALON eos 


—— iF az 25° THE LAWNDIWD 
SITE 1S VtSIBLE. AND THE 
Widow -POINNNG VECTOR 1S LUNAR | 
ALIGNED ALOWK FG . SURFACE 


r 

=F iF s*<a@<c2s" A SNOOoTH 
TRANSITION 18 MADE GE TWE.EN 
TRE AGBove, TWO CASES. 


\ Li woop = Bi ee + B2 (Ti<o-f oe) 


\50 235°? 


SPACECRAFT 
ORIENTATION 


THE X-BOON Ax)S 35 
ALIGNEO ALONG “THE 
DESIRED THRUST VECTOR Ay. 


THE €-GOOY AKIS 1S 
ALIGNED th) THE PLANE 


M@ = (UNIT(T,)* Uxer) *Mhy, 


= ANGLE BETWEEN Tq {Ay NORMALIZED FOR 
ANY CROSS-RANGE “THRUSTING. 


a 


. 


S. COMPUTE “THRUST MAGNITUDE 


ACTUAL THROTILE SETTINGS ARE ae 


FRAC — 
LIMITED BY ENGINE CONSIDERATIONS accra 
TO 293% OF FULL SCALE OR LESS go q3053% 


“THAW ©35 % . 


| 


ERASABLE DATA LOAD PAQAHETERS | 
LOCRiT 59785 :8S = S7% 
WIGHCRIT @b/S LBS = 63% 


5 


THROTTLE SETTING (%) 
La 
oO 


rR 
0 


Sa 


— MANUAL TAROTTLE LEVEL 


zo Uo wo 80 Oo 
DESIRED THRYST IA! ©%) 
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LUNAR LANDING —- STATE VECTOR UPDATE RECURSIVE FILTER 
| BLOCK DIAGRAM 
LM DATA REASONALLENESS 


| ANVING RADAR TESTIS ANID ASTRONAUT 
cum Baked é : wyreore AW hd "AG, ca ' s 
H a MEASUREMENT rESTS APPROYAT a , wp 
aoe ee? i ' _ UPDATED 
, Lact “Ary xX STATE 
RADAR WEIGHTING reek 
FUNCTION $a 
(uw, wy) 


EXTAHAPOLATED 
STATE 
USING IBA 
OUTLUTS 
ONCE BRACH 2 


GEOMETRY VECTOR 


RELATING PIL?’s 
TOLE 
n\ 


SECONDS 
@ | SVATE VECTOR EXTRAPOLATION nian ae perenne 
on SES 
7 ses AVp Bn-14! SV 
Ip Ena * (ta - tpn) (Ynen *—Q + 3 
Vv; | Vv * AV . . oh 
= |? = n=] — (g j? Ky-}) 2 


P PLATFORM FRAME 


@ STATE VECTOR UPDATE 


Ep |] yp 
+ 


\*: 


<P | | oa “u 2aPo 
CONDITIONS NE:CESSSARY TO UPDATE STATE GSING LR RANGE DATA: 
* LANDING RADAR IS KOT REDSG SWITCHED FROAE POSLTION NO. 1 Tr POSITION NO. 2 
e RANGE DATA MEASUREMEN) TESTS ARE SATISEIED. 
DATA GOON DISCRETE: WAS BEEN PRESENT FOR 4 SECONDS OR MORE. 
LR RANGE SCALE HAS NOT REEN CHANGED WITIIN LAST SECON). 
© MEASUREMENT RESIDUAL (64) IS WITHIN SPECIFIED LIMITS [dq] - DELQFIX* +0.825 (7) Conly ia rea) 
e =6ASTRONALT APPROVAL FOR EPDATING HAS DEEN GIVEN (V57). 
CONDITIONS NEC ESSARY TO UPDATE SYATE USING LR VELOCITY DATA: 
e «ESTIMATED VELOCITY IS LESS THAN 6,000 ft/s. (VIP) 
* LANDING RADAR IS NOT BEING SWITCHED FROM POSITION NO, 1 TO POSITION 2. 
© VELOCITY DATA MEASUREMENT TESTS ARE: SATISFIEN 
NATA GGOD DISCRETE HAS BEEN PRESENT FOR AT LEAST 4 SECONDS. 
¢ MEASUREMENT RESIOVAL 6 WITHIN SPECIFIED LIMITS j6qy] - 7-3 + 9. 12% (My - ep Ep). 
@ ASTRONAUT APPROVAL FOR ['PDAATING BAS BREEN GIVER (57). 


*LOELQQUIX " bOO ft 
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STATE VECTOR EXTRAPOLATION 


State vector extrapolation is accomplished by an Average G routine at 2-second inter- 
vals coincident with PIPA AV processing. 


I.M position vector (x p} is extrapolated assuming constant acceleration 
over the 2-second interval 


! 2 
r= f+ vyat+ > a St* 


= \ x av Bn-1 + 
fo cn-1* Y napltn - “y :) * 9 At + as At i 


i where 

ITn-t * position vector (rp) at end cf previous interval 

a velocity vector (“p) at end cf previous interva? 

AVp = accumulated PEPA AV pulses during 2-second interval 
Sn_-1 * lunar gravitational acceleration at end of previous interval 


LM velocity vector (Vy) is extrapolated using PIPA SV pulses and the average gravita- 
tional acceleration ever the 2-second interval 


V = Vg + art 


where 


|< 
| 
' 
) 


= velocity (¥g) at end of previous intervai 
acecun.ulated PIPA 3V pulses over 2-seconct interval 
En-t & lunar gravitational acCejeration at end of Previous interval 


foF tunar gravitational acceleration at end nf present interval 


_ THN 


=p 
In addition to the state vector update, the following terms are computed 


Altitude =r = ts 
where 
Tp= magnitude of position, Ip 
TrLs = Magnitude of landing site. rys 
Velocity v’= lp 


Mass 
M7 


Mp1 - lav ol Mise IN. (V_ = Exhaust Velocity Constant) 


Nee 


Velocity 
Increment AV=AV + Av pl 


= — 


i" 
1 
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LUMAR LANOINO ALTITUDE OLOM ETRY 


e +2 
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oy 
Baur foe : , 
ue 
oe | I Lal! rf 
ey 
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@ Compute the srtin.wed alitads 


=m 5 


‘ Fe ld 
a + 15, | Léas/ Lan SaPAce 
wher o 
rt Fh 
bh’ = sotimated altitude 
Ls pf  maetuale of LM pc8 nics vector y 
$F 1 g/° mungnitade of LanGieg Ome comer 
@ Compute the messur ed ehfaste he 
beh,’ S | |) if 
Ma 8° Gay var ay) 
where 
3 Lamor 
h = measured aititeds Terrals Lancing 
Iowa Bite 
bh. , © altitude derived from LA ceage dot ry ; 
q2 = rang % actac® as measured by the Leadiag Reafar Lona 
Ung ~ WH rector slong LE reage beam — ' 
0 r 
EF, > epaceerall Geettice Tactar ag A, 
a, 7 Altitade corrertice fram luamr \errain mode) ies 
LUWAR TERRAIN MODEL wk 2 
leon = 
: ox ¢ 
es F 
" aka 
i Q 
‘ wx & 
. 1 : 0 3 
i > : =i k = 
a: a 
= 3:8: 5. ak 
ae 0 ——— 7 - ? “i us a 
600 & “400 ik “400 kk - 300 k 200 tt ~100 k Q 4 
| on 4 
@ Computes the measurement residual 
dhe b= bh’ 
wheres 
2 © metsered eWOde derived Som LA clam range 
h’o setimated eki@ds 
@ Updare the position vector using the precomputed gals and measurement reeidual 
oy * «hae 
y= ica ; 
- wR Cy nth, 
K+ 6.28 h a. ‘ 
3 7@, tb 
= |] 
Fi 
A Ptitumthigy fle") 


es °36 90008 
m 


ee 
UPDATE THE STATE VECTOR USING LR VELOCITY DATA , Be 


The Landing Radar has three velocity components. They are used (one during eacr. 
2-second Interval) to update state according to the time tine shown below. 


, f 
av = Av Av av 
—n-l AY —nh —ntl —nt?2 ' 

; ~~ u 2 seconds - 
fr. ; 
a j 
i 4 
bs } 
Pe 4 
i ! 
i; 

@ Compute the measurement residual corresponding to the time that the 
velogsty data ia resd (¢ }. 
u 
Aq qu : Gu 
Gy ~ LR velocity component read at time t, ; 
q,, 7 estimated component of LM relative velocity in the direction of qu a 
os 
fF . Vv i= in xX F > a8 3 “ 
q, = “p Fp) SAP, a: ; 
where ' 
wp * Ip - velocity of tunar surface 
- 


YAP, = unit vector in direction of LM velocity data 
at “wo*® Tp = velocity of LM relative to lunar é6urface 
Yy ° estimated LM velocity at time t, 
a ne SON ae Bnei (ty ~ tyes} 
where 
Vn-1 = LM velocity at end of previous update cycle 
SV, = PIPA AV read at time of LR velocity data t, 


Zn-1 = lunar gravitational acceleration at end of Orevinus cycle 


@ Update the Lil velocity vector at time t using measurement residual 
and extrapolate velacity i) e 


Yp = Yp* #y 94 Uap, 


uw 
“= , & fh ou ae ' we ce OS 
> we 0,3 (1 - 1 Vii Yin Vv = Ve 
30.2 - 
=) / 
3 q w =0.2,v eve) 
= 


Velacity (v 5 


Vm] = 200 fi/s ve 2.400 tis 


: 
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LUNAR LANDING PARAMETERS (P63, P64) 
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LUNAR LANDING PARAMETERS (P64) y 
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A. ORBITAL RELATIONSHIPS 


Assuming a SPherical planet, the equation of motion for a satellite is given by 


Pe " 
GR WS 
~ ae - (1) 
dt? r 
where a 
uw = (M planet + MSatellite? © 
G = gravitational constant P; 
? 
The solution of Equatien 1 is: 
2 
h*/u ia 
Lc y) ea 
1 +e cos f (2) : 
where : 
h = angular momentum of the satellite ; 
e = eccentricity ef the orbit 
f = true anomaly 
which is the polar equation of a conic. The conic will be an ellipse, a parabota, or a 
hyperbola. Treating the parabola as a special cage of the ellipse and considering only 
the hyperbola and ellipse, the following relationships are obtained: 
Angular Momentum h =rxv = rf = constant 
Velocity Vv? =p (2/r - 1/a) 
Apogee f4= a (l +e) 
Semilatus Rectum p= h’/y 
Semimajor Axis a = ru/ (2p - rv?) Negative for hyperbola 
Eccentricity e (PBF ene if? ‘ 
Pe rigee Ty =a (1 - e) i 
Dp 1 ; h = = 
True Anomaly ces f = —=--~- -, sinf = roey. 
re e ure 
E\lipse Only 
Period P= 2n ta V2/, 1/2) 4 
Mean Motion n = yas 
Mean Anomaly M =n (t-r) L 
rt = time of perigee passage 
Eccentric Anomaly E-esin E = M (Kepler's Equation) 
tan (E/2) = | (1 -e)/{l +e)| /2 tan (f£/2) e 


Hyperbola Only 


* 


“ean Motion y* = p/al 


(t— 7) j 


time of perigee passage 


Mean Anomaly M 


+ 


Eccentric Anomaly H-e sinh H = M 
tanh (H/2}) = § (e-1)/(e + 1) 1!” tan (£/2) 


From these relatienships, given an initial position and velocity vector, the orbit and 
orbit parameters ure uniquely determinect. 
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B. THE ORBIT IN SPACE 


The orbit in space is defined by an orthogonal set of axes along perigee. the semilatus 
rectum. and the angular momentum vector. The ordered set of right hand rotations 
{Euler angles) to achieve this orientation from the earth-centered-inertia! ( ECT) 
frame are iltustrated in Figure 1 and given by the expression 


Tp x x 


ww 
T) 
> 
a 


Q]} = ERz¢w)) Rx (R22) 


agp isa- 


» Wo rbit (3) 


a 


where 
% = longitude of ascending node 
i = angle of incidence 


w = argument of perigee 


Figure i. The Orbit in Space 


The angles ©, i. and w are generally unknowns; therefore, the elements in | A} must 
be evaluated by some other means. To this end. Equation 3 is expressed as follows: 


| P | Py Pe Pah 1 | x | 
Ql = (Q @y @]/ /¥] = FBI LY 
PO OY ON 2b 820 ect 2 ject (4) 


The unit vector along perigee (hat is, Py. Py. Pz) can de determined by Equation 
141, Page 20 of Battin as follows: 


~ 1 i ies ~ —< —_ oe 
PpP=-—_— yo = =jr = (r- v v - 
re = Peavy val (5) 
where 
v = absolute magnitude of velocity 
r = absolute magnitude of the radius vector 
: v = inertial velocity 


r «% ra-jius vector 


Tal 
4 
oe 
i 
ag 
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This relationship :s obtawed as folfows: 


Q 


vy sing 


P (Perigce) 


h, WwW 
figure 2 
P = er cos f- en sin f (6) 
eet ee a 
ee = ee WT 
h? /u ee h . 
(2h oF l+ecos f cess ae te ns aes 
bait or > ve; = vcosf = ell 
r 
; h ory 
(3) sinf = Sar . 
Combining 1. 2. and 3 into Equation 6 
- fF h? 1 hor h or-v 
Ee ee el he ee r 
By substituting 
rev 
h =rvsinf. cos 8 2 —— 
TV 
and adding the factor 
rv? cos’ ge, - rv’ cos’ fe, 


Wie above equation reduces to 


Ps ed i w -=)¢ - (r-¥){v cos Ber + vsinfie.) | 
but 
v =vcos fe, + vsinSe, 
j therefore 


| = aes eee Bag ev iy 
| Ps a t (¥ ee es a 


Since h # constant. Ihe unit vector along h {that as. \Vy. Wy: Wz ) is determined 
given any r and correspoixing v in the orbit. That is . 


| i ee 
— rT ; v 

We - = ——— 1 

h tv sia B (7) : 

Having determined P and W. the remaming unit vector, «2. is calculated as follows: 4 

Qs WrPp (x) 4 

2 i 


Bi using Equations &. 27. tnd < the matrix | Bl is determine. That is. the «rlost is 
‘lefined in inertial space. Fram Excuatians 3 antl 4, | A =z | Bs. Br cquiting clements 
i aml by using the canstraing N° - i> is. the Euler unjles ¢?. oo. andiouw are <lelermined. 
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C. ORBIT PETERMINATION 


The problem of orbit delermination can be stated as follows: Given an tmiual r and 
corresponding 1, veclor expressed in ECI coordinates, delermine the posilion and 
velocrty in EC? coordinates at some time. t,. 


—Yrom «hai has been presented so far. the approach would be to determite if the conic 
is a hyperbola or anellipse. Then use the corresponding form of Kepler's equation 
to solve for the true anomaly and through the orbit-in-space-transformation determine 
the position and velocity afl. 


This method has the undesirable feature of first determining if the conic 18 a hyperbola 
or an ellipse und requires \wo sets of equations. 


A more unified approach as presented by Battin is the universal conic equations which 
are given by 


* x* a =a «i * = 
r(t,) =| | - ros © (x* tr, ) rT, * Al ~ 7 5 (x* cry ) Vy {9) 


v(t) = — E x*S(X? a; } | r; * E . = C(X* a, } vy (10} 


where 
‘ 
: j 
Cre > xia , @ey . 
eG an aa a aa j 
2 rl i 
SK? a) 2 2. 2 eee EE... 
3! 5 | 7! 
At ZZ %®~-t, 
Pe Es me a 
a4 “ a ra v pe 
x ~ for ellipse 
Fy 
es 
; Hz - H | 
fi x = ——— for hyperbola 1 
=e 


The parameter X which is required for Equations 9 and 10 is determined as follows; 
An initial guess for X is given bv 


X =X + SP 1-FySM-2Fs8)- g (= =a) S (11> 


where ‘ 


X, = 0 for the first tteration and X for subsequent :terations 


S e—-— (b-4) 


Having an initial guess for X, an improved value is obtained dy a Newton-Rhapson 
iteration scheme as follows: i 


. ; F (Xn) 
x i oe ae 
pea SY By: OR RET (22) 
where 
a | a \ 1 
F (Xn) af — Xn” C (Xp Oy) + (l= ry ey) Xq? SCX? a1) + 4; x, 
- ge St 


bu. 


’ De Fi * 
F (X 4) = aa an | Xa ~ Oy Ky" 8 at as] fans a.) Xpé C (X,° ay)7 | ! 


cee 
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The iteration schon of Papiatzon 12 cagtinneg until 4,2.) - ans sutficicalis small, TY: good inilsal Qveses Provided by Equation 11 
Jets Us eTanen 6 T6O or three in most cases. The vatue for Ane) '3 then substituted into b:quations Yan 10. whereby specifying 
Ty umd vy In RUT syxice. Following the uniteicsal cussic: muthod juét described. the posution and velocity vccwrs telrrred to EC 
agrees Cutt te de len anas Afor-siny tame ¢ chrtng: Oras-lall. 


TAs, Come Secon Cure ullilesd for aasigalion ecqueres We com@vluuon of trajechory sc&ments under 6 wide \ericty of comsirsinia. 
Ie-tx-teling on tte constraints: imvolvcd, he art ofuniniciaal CQuationa uj1l solve 
joe Rages Prvddens giten fo. se- saint de. s0h0c for py. ¥y 


ee Laatect=: brabtem gnen vg, ry. and dt sole dor conic parameters, 
pica See EO 


j » Thos Protlem gnca re. 10. and @.s0eivc for dt “i 
pe Vong: = Radiun Probloin given re. tq. aus vy solve for Sf. t 
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B, OISTURBANCE ACCELERATIONS 


So far the planet in question has been assumed to be sphericai which es aot the case 
for either the earth or the myon. Nor have the effects of the sun and the moon an the 
earth or vice versa heen considered. Therefore, Equation i must be modified as 
follows 


» eee 4 od 
avr + = r = ay (235 
dt r 
where 


ay is the disturbance acceleration due to 


1.  oblateness of the earth or the nonspherical shape of the moon depending 
on which reference body is used. 


to 
e 


the effects of the sun. 


3. the effects of the secondary body on the primary body: thatis, effects 
of moon on earth if earth is primary bods and vice versa, 


Anatytical expressions for a; are given in R-577. Section 4. Since a, 1s small in 


comparison lo ,. the two-body orbit given bv Equation 1 is used as a reference 


or oscuiating orbit which is perturbed by 24. The actual position und velocity vectors 
are. therefore. given by 


-« = 


ee 


-~ _ 3 
Vv = Vv + o 
Cc 


(24) 


where 
Te and Vo are the position and velocity of the two-body conic solutions, 


6 and o are the deviations from the two-body conic solutions of position and 
velocity. respectively. 


Differentiating Equation 24 and substituting into Equation 23 gives the following expres- 
sion for the differentia] acceleration 


d? u [ tf" y= = os 
a ae) Gs ]r-4 | + ay (25) 
(eq ] 


subject to ihe initial conditions 


+ 


* dé : 
S (to) = 0. — (tg) = @ (ty) = 0 


This method { Equation 25) is known as Encke’s method of differential accelerations. 
Since the coefficient of r in Equation 2§ requires the subtraction of nearly equal 


quantities, prohibitive errors are introduced bv so!ving Equation 25 in tts present 
form. This difficulty can be overcome by making the substitution 


re? r p? = Ae 
(1+ =— Le Peay t{(r.*r): 6| where op =fr,/r 


Equation 25, therefore. becomes 


ra 
ei  « {+ a? ‘eli sles | 
ae ie as ea es al i a ae 


he 


a 
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Equation 20 can be solved by anv number of numerical integration schemes. The 
method used in the Apollo Guidance Computer (AGC) ts the Nystrom method. 


In order to maintain the efficicney of Encke’s meuwxs of differential accelerations. 

56 (t) must remain smal). Therefore, a new osculating conic must be defined ty the 
tolai position and velocity vectors r (t) andv (t) when 5 (t{) reaches a predetermined 
limit, The process of scfiecling a new conic orbit from which to calculate deviations is 
called rectificstion. 


“=a 


To sum up, the position and velocity. during freefall. #1 time &. given the position 
and velocity at lime & . are computed as follows: 


t. Position and velocity in the osculating orbit at time & are calculated accord- 
ing & Equations 9 and 19. 


2. Deviations are then ovtained hy numerical integration of Equation 26. 


3. A new conie from which to calculate deviations is defined each time the 
deviations (6 (t)) reach a predeterniined limit. 


E. OISTURBING FUNCTIONS ANY) THEIR APPLICABILITY 


We define the followtng disturbance acceleratsons as applicable to Apollo: 


ad F acceleration due fo the nanapherica) gravitational perturbations of 
the earth 

ae = acceferation due to the nonspherical gravitational perturbations of 
the moon 

Ade acceteration due to the secondary body on the primary body: that ts, 


moon iS Secondary Wodv when earth is used as reference and vice 
versa 


ads = acceleration due to the sun 
analytical expressions for which are given in R-577, Section 5. 


The applicable disturbance accelerations and their region of applicability for Apollo 
are given in Figure 3. 


R earth = 3,441 nmi 
R, _ 3, 660 nm) 
R, + R; = 46.452 ami 

= 938 nmi 


= 1,154 nmi 
= £,690 nmi 


= 3 ares | nnot 


Region I. ay Ay E 


Region 2. ag = AGF * Yas * Adqm , Mueon's sphere of influence. 
' aS coordinate chance 

Region 4. 24 = tds * Nige 

Region ». ay = dn, = Nas 7 Vda Ee 


Reyion bi. a = an 


Figure 3. Apolle Disturbance Acceleration Rextons 
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da _ de 
dt dt 


di reos w+, 


dt nat Vi-e* 

de. rosin (w+ f N 
Se nae Vi-e2 sin (1) 
dw af . 
—sa_- —"h. 

a cosf) rT: 
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F. DISTURBANCE ACCELERATION, OSCULATING ELEMENTS 
é. 


Sted iie 


—m 

Perigec 
Acccleraten Along 
Radial Line (R) 
da 2¢ $i {} 
da _ : an R 
dt nyl-c2 

4/ 2? 
dc Whl-e sind f) R 
at na 
di dr 

=> — = 0 

dt dt 


2 = Semimafor Axia (fr) 

e = Eecentricity 

= Orbital [ncLUnation 

f = Central Angie Fron Perigee 
cr «=  Poaittion (ft 

2 = Longitude of the Ascending Node 
wo Argument of Perlgec 

n «= Mean Motion = Vee s7t 
HE @ Lat x tolt 3/52 

Ne ae OLS 

N.nT o ft/s" 


Accee eration Along 
Track (T) 


da 2 2a Vi-e 
dt nr 


Fr 
dt dt 


dy _ Vie? (£+<sexi0.) sin(f) T 


i+ ecos(f 


iiss ee 2 


a | 
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G. TPITARGETING 


— 


The TPI targeting for the Apollo 15 mission is accomplished using the equations and 
techniques stated below utilizing the following information: 


———SS—SS— 


——— i ae 


RENDEZVOUS 
TRAJECTORY 


R LM Se aad Yo MF 


T - Ume at which the TPI maneuver la to be performed 
- LM position vector at = 

» LM velocity vector at a 

R - CSM gesition vector al ee 

- CSM velocity vecter at - 


é = central angle CSM will traverse detween TP] and rendezvous (190° 
noroinad ly} 


Targeting Procedure: 


1, Compute the elevation angle of the LM-CSM LOS above the LM horizontal plane at 
the time of TPI. 


eum 


x, 


| rT | . 
U, 7 attiBn - By! 


U = onit(Ri *¥ yl 


LM 
Ur, - ©, Ey) 8 
Uy = unit — = i 


if 0° j a = 
j c, < define an 2s e, 
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2. Compute the time (t,;) required for the CSM to travel through the central angie 
Yom Using the Time-Theta method described on page SC-51. 

3. Update the state vector of the CSM to the time of rendezvous (AT =t,2,) using 
Kepler's method as described on page SC-51 obtaining Gomer VomP: 


: 4. Compute the central angle & pm) through which the LM must traverse between 
; itS position at TPI and the CSM's position at rendezvous, 

‘a 

a ‘np: x | ' a . 

Ym = ON Giu * Romer * Y °°S" Ory * Bom 


if vom <0° define ¥ ya) = vom + 27 


S| 


Using the Time-Theta method, determine the flight path angle y required of the 
LM at the end of the TPi burn such that the time required by the LM to traverse 
the central angle of wry, is the same ast. 


ers 


6. Calculate the velocity to be gained, 


A 
Pat 
aly 


ee 
bt oP 


* ‘il bp 
jet 


Pit Lata 


i 
h 
ar 


vit 
aa! 


ae.) 
fi : + HBAs wal Pe 


Weide Fat: 


i = = Py . 7 4 1 
é Vim | Ra (cot y * unit Rom . UN x unit Rang? 


i P = semilatus rectum of the TP] orbit 
ee 
a 


_ = 
Cy = wunuil jae Rewer anit Bim | 


aie 


The velocity to be gained is burned out using the APS and Lambert Aimpoint 
Guidance, 


a a ae 
nas ier 7 
: " 
as ——— 


HW-1 


HARDWARE 


PIPA 

COARSE ALIGN - FINE ALIGN 
ECDU 
IRIG 


OPTICS 


OUA 
AOT 


Preamp Binary Current Switch 
AC Diff-Amp and Do Diff-Amp 
Interrogate Module Calibration Module 


Pendulos ity 
Coefficient of Viscous Damping 
Float inertia 


The PIP Signal Generator Ducosyn provides information on rotor position in the form of a 3200 hertz ourput. 
The stable timit cycle in rotor position ts converted w an AC suppressed carrler modulated Bignal. 


= Ov 
a 


The PIP Preamp amplifies the SG outpur (14 V/V gain) and phaee shifte the 3200 heree carrier 45° lag. 


The AC Diff-Amp and Interrogate Module provides additional amplification (30SO0 V/V}, peak detects float 
position, and sets a fllp-flop. One ve State of the fllp-flop indicates fioat position on the pius side of null and 
the other state means float position on the minue side of null, 


The Binary Current Switch provides discrete current pulee oucpurs of appropriate phase as determined by the 
etace of the flip-flop in the AC Diff-Amp Module. 


The Calibration Module fe the passive circuit interface between the BCS and the PiP torquer. The clrcultry 
introduces bias and scale factor adjust capability into the PLPA loop. 


The PIP Torque Ducosyn converte current jilees from the Calibration Module to torque about the PIP OA axis. 


The DC Diff-Amp and PYR Modute is the mechaniem which regulates current and hence PIP torque to 
precisely controlled values. 


PIPA Bias 


P Putges 


£ach AV Command Module = 5.85 cm/s 
Esch SV Lagar Module = 1,90 em/a 
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PARAMETER 
Secale factor 


Pendulosity 


Torque to balance 


PIP float inertia 
PIP viscous damping 


PIP break point 
PIP time constant 
Total torque constant 


Nominal torque current 


Radial Force 


Suspension current 


Phase angle of current 


Suspension stiffness 


Maximum measurable acceleration g's 
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PIPA CHARACTERISTICS 


cm/sec/pulse 


Pr dyne cm 
em/sece 


Sk dyne cm 


J dyne cm 
rad/sec 


C dyne cm 


rad/sec 
C/J rad/sec 
a A ms 


dyne at wac 


SUSPENSION CHARACTERISTICS 


2.3 grams per .0001" min 
65 + 6 ma 


em/sec/pulse 


dyne cm 
cm/sec? 


dyne cm 


dyne_cm 
rad/sec 


dyne cm 
rad/sec 


rad/sec 


ms 


dyne em/ ie 


ma 


the two ends (SG & TG) matched with 3 ma 


lags 45° + 2.8° 


30 x 1073 grams/micro-inch 


TYPICAL TEMPERATURE CHARACTERISTICS 


Secale Factor 


Bias 


150 ppm/ °F CM 
300 ppm/°F LM 


05 em/sec“/°F LM/ CM 


°F Actual PIPA Temperature 
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PIPA PARAMETERS 


Primary PIPA parameters are scale factor and bias. Specification values across ISS, G&X, and S/c 
testing are as shown in Table I-1. 


Table Y-i 


Coefficient 


PIPA Bias (Aj) 


PIPA Scale Factor SF 


PIPA bias in a unity gravity field (a,) must be within 0.30 cm/sec” of that evaluated in a zero 
gravity (a,) fieid at the ISS lewel of test. 


Hye maximum value of PIPA parameters which can be campensated for vy the computer is as shown in 


Table Y-2 


Coefficient Max Value (CM) | Max Value (IM) _ 
+9.14 +12.50 
41900 +1900 


PIPA COMPENSATION 


Register 
X PIPA Bias 1452 
Y PIPA Bias 1454 
Z PIPA Bias 1456 


PIPA Bias CM =z {.0005569) (Reg Contents in Decimal) om/sec> 
PIPA Bias IM = (.0007628) (Reg Contents in Decimal} cm/sec 


The correction to the PIPA's is 


PIPA, = (1 + SFE) PIPA, ~ BIAS, A t 
where th 
PIPA, is the compensated data for the I~ PIPA denoted PIPAX Qs PIPAY, P PIPAZ, 
Sie ee ee (erasable load) 
SF ign 


SF = Scaie-factor CM/Sec 
Paise 


th 


is the bias for the I” PIPA (an erasable lcad) 
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CURRENT 
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PBA/PTA 


SUSPENS JON 
MODULE 


SLIP RINGS 


PIFS = Pulse Torque Power Suppl’. Por Elock II PIPS is in the PSA 
For LEM PTR is in the PTA 
PEA se PIPA Flectronice Header Assezbly (CM); PTA = Pulee Torque Yeader Assembly (LEM). 


PIPA LOOP 


ears: a ar ni — 


a = i lien —_ "= — _— a 

= ate 5 “= —— a qo Sel pe = 

ae Loner — 22 _——— © = ee a ee ——— at ve < s E a = a 
— . — 2 = = — ? = = aS 


“AIPA 2010639 | Ran-AMP | lac oe Ame ll BINARY CURRENT SWITCH 
ro100 #2 INTER. 6/3 TEST PUNT iT 2010017 


20;oo/n ovTeur wo2 64 


INTE AACGATE 


a ——— re i ee 


$EnNaL--~—--- PULSE iN OF -ea | “. MULSE fat 
| ] : . | ’ i 
— - - = - | = . 
pores, | | cansararron me She | | tel bie } ! 
) MODULE ve { | : 
| LEM - GaICOCO a — Co » ToOeaua 
—— | [em = 2010016 ge as ce: ae las Agsusr | MOTOR CURRENT Acs ; | 
| i 1 ss. | J 
; Cy Ca ; ! 
i I fe , i 1 
| '* as Aig i | | 
_ a Soe eens) Pe ! ee 
] | weeny * c-------- MOTOR CURRENT : 
. r- = —_— = eee =e eS SS = | 

4 | MONITOR Rs | 1 BC BIAF AMP _ 
Se eae eee eet | M&SIsTOR | {idvae zomoz | 4 | 
1 ieee aaa i ! = i 
SCALE +6 : , 
Factor _ 
, RESISTOR 1 | , | 

= i i = 

Les ae ne em eanne ceee ee ee ee ee Be a Se ee ee ee od IS, Ea 5 ph L ae amis; min Ss <li. ton + Sub ‘Gio, Sm‘ Ps —~™= wa =, ee | { 

ON 
3200 ers eronie eee 
come meet VV LIND DA AA DA By eeyanecs 
= A ELECT. 45° PASE SHIAT ree | ] 
ir a eaieaier te ee — 1P- > 
QurPUT AT €/s LX Sala 2K ~~ —~ 


TasT AOINT i LJ — fl \J Soe ae 
—= -e spac anece i OATA PULSE 

OVTPUr ACROSS fh - i f | { | ie") 

TP 19 # LO =. = CA Y Ww i WwW PULSES ., | | | 


te 3 ee fe me KAHL RSA PP Pulses | 
\ Ay | — Steer wes* Pwate SHieT + TORQUE MoYOR 


ln 2 
ty ey INTE RROGATE . | VRRENT 


BAe PULSE __ ~ TORQUE MOTOR EL ORIVE PEND, —— | 
1a dala CURRENT = | 
FLIP-FLor “1 Ser [ioe eee | 


PIPA LOOP TIME LINE FORA 3:3 
MODDING CYCLE 


fue-£Loe ") easer 


SwirTrecw PULSE 


ere 


6g TAC OIFF_AMP # INTERFOGAT OF 


P/N 2010018 


OUTPAPL r Noré: Teavsistors Are 2N2980 UNLESS A TAND | GATE | 


OTHERWISE SPECIFIED \ 
: ni 
Pep | é) G/S Test Point Flip 1000 uF 
(FF) Ovreur No.3 &/S FLOP ey > FF 


I 
. | 
esi Uk eae _ 


| AND GATE_ 


i 
! 
' 
Lae 
i . r 
x aS (hl) TA- SET 
i 9110 | 
a | 
‘oo INES i 
t ~ i 
| $20x = 
| 
' | 
( | 
5 | 27K | 
72K I 
' ] 
' ‘ \ 
“-) ) | 
BIASING i” = 
22K (00/0 44 44 & = 
| .2z0voc = .20V0C ee [| a 
l 
> 
1 3 1G) FF 
1 | $n i 
} i IN 662 } | 
| : | 00% mn | 
~p TM+e SET 
| F 
{ | 
6.8 (0 
ae 


[| — — = — == -— 


_. 3 Moawe 


icin 1 wa 
~t At es Po ee 


Tim€é Lise 


Se 
F ere a = 


—— os 


+/20 VOC 


I20 V OC 
RETURN 


VS aT eT Bd 240K 

TM) Ser * ‘KE 
ISK 

J oynyrcy 

TMG SET “G4 : 


SPUD LLL b 
bein puises @ 


SOC E CyUR-& 
Ae Wl CONT Rr 
Foss "O78 q OC 
OF Fo BALFO 


a - so = 
" SS ee —= 
—. Tr: .. a 


FLIP ~ FLOP i 
120 V 
inn *120V *120V : 
82K | 
22 « 8.2 « 
| 
, t 
0.07 Af cow 0.01 fy 
a | I 
i SOK 47 PE 
I 
si ” wees ia mar , 
—— ke} - : INGGO | \ 
) ) z 
42N2 +i2oy | 
$00, se 
2.4K 24K ie Bee 
eee ly: ba =e | N6GO [ ons t 
i | ——-———[}-}- 4¢ \ 
30K 2.2 , 
i} 30K ISK 
ciel i 
_ eee 
ite, ice ee Ue a < Gee me ke wee j 
eats - —_ oe a —~ we, oa _{ 
ones a ; 
+ f20V 


2r2 S32 

ee 

hk 
hob 


BINSR Y Clee fos 
SwWildsas 


2 29 


eure 52 


—=5 


7 S36 


fulianhyy 


is) rd 
FP PULSES 


82K 6 77 
5.4K FP PULSES 
20x 2N2060-3 
68x - : 
| rr 
fil) a 
N PULSES 
150 
82 kK eo ~* 
——yy— - << 1 
| 242060 - 3 | N PULSES 
20K | 
: / [N66O 
| 
SQ ae F | 
ae | — 
27204 = 
l AV Is < 
} 
(Sex ite $ 


Al¥é) €.% 58 


== e- i 
— on = = — 


Hel a iad 
PTO Que | 
I ga 


+ fh OR MIE G on 


COW ei rye f 


ae 


2 Ee a is | =i a ee 
oer em ee ee ee eee 
he ee ce Hi 
i ay ee : ! 


el a ie eS eee EE ee a a 


to”: 


24V 


: } PVR 
TES! FOtes 


O9-MH 


CURRENT ¢ ‘a 3 2N Zins) Pd a ee 
FEE OL ATK 
F'fcioas CAL 


Az Las G 


1 +# OF V [> 


D> Prlteye ARE ATA! pas 6 ie ft eo 
Abt fea CGD Fs: 


—o om sree andere eC, ES rece Seer ith aT Sea sd wos 
Se ae ecard hao =f pale eee et tee 


oe a! aS ee =. ay = — a “ ao i ie ra Pir ee 4 =) 


een. 


CALIBRATION MODULE 
CM ~- 20/0016 
LEM - 60/0000 


+ TORQUE FROm @ 


BCS 
5 A R, 


cn ke 


VCAASLMNISI Fo A 


22 TURNS 
TORQUE 


B/AS ADJUST OUCOSYN 
UCOSY 


T~NAAALSIAI C+ 


- TORQUE FROM @——~—-.. ; 7 


Acs | | CLG eee cS 
RES ee ee eee | | | | - TORQUE 


en | CURRENT FEEDBACK 
a eee TO OC OIFF AMP. 


eae" _e | | | 
a Se esc pecs R, —G) HI 


ae ) | CURRENT SAMPLE 


| 82.5 =ji7K |” 95.00R ies BOK | i an 
7 fe Rr | 
ea ek om S SCALE 
ie «| SS | FRO TOL ADS. 


6.5 3K set fl = oe. i 
a ae ZAK —°O : 
eS Lak ~°O a 
SS Sr ee ec | = 
---{.Ql0O = .0#28 | 00260-00455 _ 
22,0228 |  .00260 -00453g 
sts RSE ae gE ot SRY Sg a il tl Nm 


pm GR PE a ———— 
is =i all, a a tse il ae? i 1 L Ey 
2a, 

at 


wae 


er 
Keon 


ot: 
: 
~ 


Damping Fluid 


Bellows 


Stator (Torque Gensretor) 


Sy : ZY Tapered Magnetic 
‘ Suspension Rotor 


Stator (dignel 
Generetor ) 


Sacer 
o ¥ = 
ot * ss 

ao "oo = 
et 

al . + 
r = 


= 
F,, 


Rotor (Signal 
Generetor) 


.060 


A 


vi Bae ee 


Pivot+Jewel . 
Bearing th Ly | 


———————> 0A 


~ 


a 


«003 


% 
Lt 
® 
s 


Tepered Magnetic 


Suspension Stetor 
PIP Case P 


VUMMDOUUMA 


i i aoe \. Pendulous Flost 


_Pendulous Weight 
~ Potting Compound 


Damping Block 


APOLLO PIP 


HW-8 


PIPA OKADZONE 


Digital interrogation of PIPA float position with zero acceleration applied will generally yield 
3 clock pulses for each half cycle of float position. This is called 3:3 moding. 


During initial build-up, torave unbalance is minimized by artificially inducing 2:2 or 4:4 
moding and adjusting the zero g null to coincidence with the 3:3 moding zero g null. Te null 


coincidence between a stable 2:2 and a stable 3:3 null mst be less than 20 arc seconds in 
build-up (Figure 1). 


PIPA near null operation at PIPA level testing. 


Indicated 


Indicated 
Acceleration 


Acceleration 


Tnput 


Input 
Acceleration 


Acceleration 


Wali Coincidence 


2:2 null 


‘~ 3-3 null 


Solid 3:3 woding PIPA 


Solid 2:2 moding PIPA 
(2:2 mode artificially achieved) | 


Figure l 


At higher levels of test, subtle changes in configuration due to integration of the PIPA loop 
into the G&N System can cause the PIPA to dusl mode, i.e. the stable 3:3 mode may be replaced 
by a bistable 2:2 and 3:3 mode. SBistable moding causes no net delta V output end is manifest 


as a deadzone to near null inputs. This deadzone is checked at the ISS level of test to assure 
that it is less than 50 are seconds (0.0075 ft/sec@ or 0.23 cm/ 


sec<). | 
For an input acceleration of A, (Figure 2), a dual moding PIPA will issue zero A Y's and | 
mode 3:3. 
| 
355 2:2 
null null 
A. Ay Aso Input Acceleration 


Figure 2 


For an input acceleration of Abo: @ dual moding PIPA will also issue zero 4OV's and mode 2:2. 


For an input acceleration between the Az3 and Aso limits, the PIPA will issue zero AV's and | 


dual mode frem 2:2 to 3:3 at a rate of 5 or 6 times per second. 


The amount of time spent in 
2:2 or 3:3 mwoding is dependent on the input acceleration A,- 
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HISTORY OF IN-FLIGHT PIPA PERFORMANCE 


| 
AVG IN-FLIGHT CHANGE FROM | LUNAR ORBITAL DEVIATIONS 
ERROR* (PREFLIGHT) COMP MINIMUM MAXIMUM ~ 


No Lunar Orbital 
Variations Available 


CM 


eee 0, 39 
-0. 32 


ADollo 9 
| +0. 32 


CM 
|Apojlo 20 


Apollo 11 


CM 


Apollo 12 


KM NKXIINKE& NKKIN RK NKXIN RK NX KX 


_0.05 Pre-D@l 
~0.35 Post-Ascent 


-0.18 Post-Ascent 


-0.06 Pre-DOI 
+0.29 Post-Ascent 


CM 
Apollo 13 


-0.55 
0.12 
-0.45 


“Deviations from compensation updates when made, or from preflight loads when no update was made. 
All units cm/s? 


** This IMU was turned off for ~27 hours on the lunar surface. 
*** Fart orbit deviations. 


NOTE: Variations of CM bias in lunar orbit caused by variations in coolant temperature. 
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IMU COARSE ALIGN LOOP 
Tre coarse align loop drives the IMU gimbals to the angles commanded by the computer with an accuracy 
of + 1.5°. Tne coarse align mode also acts as a caging mode when a gimbal lock condition is approached. 


Me three basic elements of the coarse align loop are the Digital Computer which issues angle commands 
(09) end moding discretes, the IMU, and the ECDU which encodes gimbal position and provides position 
and rate feedback for proper loop operation. 


IMU FINE ALIGN LOOP 


Te fine align loop drives the IMU gimbais to the computer camnanded angles + 80" ty pulse torquing 
the gyros. Pulse torquing fs a camputer controlled switching of a constant current source to a gyro 


torquer winding. The current produces gyro tor@ue, a corresponding precession rate; and hence, gimbdel 
position. 


TMU INERTIAL MODE 


Te elements of the inertial mode are the gyro, stabilization amplifier, and gimbal torque motor. 


The gyro senses inertial rotation about its input axis and supplies torquing to the gimbal via the 
stabilization amplifier to camvensate for the motion. 


APOLLO INERTIAL INSTRUMENTATION/STABLE MEMBER ORIENTATION DIAGRAM 


Gyro drift is positive when the SM drift rate is esbdout the positive gyro input (IA) axis. 


Drift Rate Gyro Drift Coefficient 


Aveut SM Axes [ WeD si ADIA ADSRA = 


+ADTAX (Egy) 
+ADIAY (aon) 


+ADIAZ (8 cy) 


| 
Byow Syow’ 8oSM is positive along positive stable member axes. 


ae | 
Gyro__| 1A Along | SRA Along OA Along | 
X +XSM | ~YSM | +ZSM | 
y +YSM -ZSM +XSM | 
Z ) -ZSM -YSM +X5M 


Input exes of the X, Y, Z accelerameters lie respectively along positive XSM, YSM, ZSM exes. | 
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IMU COARSE ALI N LOOP 


The servomechsnism used to achieve coarse align of the Block II EMU is shown below. 


Error Counter Enable ; 


en ap ew ee em em a= SP cep GD So |] aw az 


Coarse Align Enable 


EEN ee a ees Gl 


0-65 192 Pulses \ : 


| [it ———e-| ah — 
Stab Aimpl 


Digital Coarse Align Voltagq Torque |4xand 16x 9G 
Computer FS — _ Moter and |Resolvers — i 
Gimbal 


i , 1 Si ae 16 @ 
sin Te cos 96 sin 16 fe os G 


IMU Coarse Align Loop 


Computer Operation 


The fowowing sequence of events Is performed by the computer each time the Coarse Align program is entered. 


Steps 1 through 5 constitute a computer control process which positions gimbals in an open loop sense. 


L; 


Issue Cearse Align Enable. The computer sets Bit 4 of Channel 12 which isses the Coarse Align Enable discrete to the 
ECDU. 


Issue Error Counter Enable. The computer sets Bit 6 of Channel 12 which issues the Error Counter Enabie discrete to 
all three IMU axes ef the ECDU. 


Determine Command Angle. The contents of the computer gimbal angle counters are read and differenced with the desired 
gimbal angle to determine the command angie. 


Issue Command Angle. Gimbal angle commands are issued in bursts of 192 pulses (8.4 degrees) at a rate of 3,200 pulses/ 
second, Each burst requires 60 milliseconds. The delav between bursts is 540 milliseconds. If the command is not an 
integral multiple of 192 pulses, the remainder is issued as the last command. Gimbal commands are gated out of the 
computer by setting Bits 13, 14, and 15 of Channel 14. All tree bits are set simultaneously, thereby ailowing ali three 
gimbals to de slewed simultaneously. 


Determine If Command Angle Is Achieved, After gimbai commands have been issued, the computer reads gimbal posi- 
tion and compares the position achieved with the desired angle. ff the difference is greater than 2. ® degrees, an alarm is 
issued. 


final gimbal position such that corrective commands can be issued if the desired position has not been reached. The check on final 
gimbal position is used to determine if an alarm condition exists. 


ECDU Response to Coarse Align Enable 


When addressed by the Coarse Align Enable discrete from the computer, the ECDU: 


1. 


Provides a ground to the PSA coarse align input relays, thereby switching the stabilization amplifier inputs from MIG 
outputs to the ECDU DAC output. 


Suppiies a ground for the PSA stabilization amplifier demodulator reJay, thereby changing the reference excitation of the 
stabilization amplifier ring demodulators from 3, 200 Hz to 800 Hz. 


Provides grounds for the coarse align relay in each of the stabilization amplifiers, thereby changing stabilization 
amplifier servo compensatian. 


Generates an internal moding signal which enables gimbal feedback pulses (A2?) to increment the error counter. This 
Signal also changes the read counter high speed pulse rate (Py; pulses) from 12,8 kpps to 6, 4 kpps, 


ECDU Response to Errur Counter Enable 


When addressed by the Error Counter Enable discrete from the computer, the ECDU: 


eeh 


dy 


Generates an iitternal moding signal which allows errer counter pulses (Pp = AS2’ or AO.) to increment the error counter. 
Absence of this discrete zeros the error counter and holds it there. 


The Error Counter Enable command (E£) is combined with the Coarse Align discrete (Ca) and the CDU Zero command 
(CDUZ) to mode the read counter in accordance with the fotiowing logic equation, 


Y= %- C, + cDUZ 
where 
a, The presence of Y inhibits P, pulses from incrementing the read counter 


b. E Error Counter Enable "not" 


ih 


c. Cy 
d. cCDUZ = CDU Zero Discrete 


Coarse Align Enable 


e. E- Ca, is an "and" operation 


ja + is an "or'' operation 


Inhibiting the read counter in this fashion will prevent gimbal drift due to residual voltages within the loop. The fine 
error will accumulate to a value such that the effect of residual voltages is cancelled, 


The computer does not check 


Hive 17 


i ECDU Bervo Contro) 


Servolng the tMU to the correct position as cummancded dDylhe computer Ie achieved by a multiple loop eysiem consisting of tbe ercar 


| Cuuntar, & OAC, tha cuarke elign mixizg empiifi r, e 6yatem of rate and switch eslection logtc, the read counter, end the stahilizs- 
= op loco. 
q 


me Error Counter 


day Val The error counter provides digits) diferencing between gimbal commands and gimbal poelticns. Input pulues to the error countar 
ars a (ih are elther Position commend pulese (Af cl from the computer or gimda) poeilicn fecdback pulses (42*) from the raaé commter loop. 
Bal | Computer command pulecs (+48,) cause the error counter to count wo, Read couoter (42%) puises will, i turn, Cownt the error 

E if counter down, ttsteby, produclog acgative feedback. The error counter Is also mechanized to inhibit (Pp) pulsee when Bits 7 and & 
iy 


of the error couse sre *!." The reault lo oe limlting of the ovteet at 11.25" © 5. 625* or 16..875*. The totel functlonai cbsracter- 
7 latée is ebown be)ow. 


3,200 pps 
x 360°/puies — 
= 141° /ecooud 


42? = 880 pps x 160" /pulee «= SS*/escond {high rate) 
Be) | = 100 ope x 160"/second = 4. 37$*/ second (low rata) 
| ie Error Geunter 

| DAC (Digital to Analog Copvertar) 


The DAC eoasiste of logie cwitcdes driven by ihe errur caunter,-2 divide Gowo resistive lasder nctwork. end e ecaiing ampiifier. 


The function of the DAC is to grovide an 600 Hs signa) whosa emplitods is propo rilona) to the angle eadent of the error counter. DAC 
sevaitivity in adjusted to 0.3 Vrms/dageee. 


a if Coarse Align Mixing Amplifier 


li The cocres align mixiog amplifier adde the fine error voltage and the DAC output with a mixing ratio of 3 6 1 In favor of the fine 
mil HI error input. DAC evlputs to the coarse sligd mixiog anpliifier are dlode~limitad to0. 6 volt 29 shown below. 
of | 


———— 


——— | 
(800 Hz rms) { 


ride 4 


Coarse Align Mixieg Amplifier | Sage 


Th {ine syatem awitch selection logit is a network of weighting reaietors, eumuiig amplifiers, and awitchea ueed to lm iement the 
| 1 trigonomotrio identity -sin (¢ -¥) © -alio 0 coa | + coe ¢ ain &, Funetionally, thia naiwork compares ihe gimbal angle (6) as 
li 


| 
represented by tha 16-seeed resolver eigvale te the read cosntar angio (3) and genorates an erro; aignal uecd to drive the read 
Be ceunter loon, | 
es! | 
| 

| 


Rate Select and Up/Down Logic 


a] Aato eelect and up/down logic Is generated from the fins ecror signal Gn aadlog measure of the ecror bcCween resoiver angie and | 
| reed counter angle) by Schreitet crigger type level detectors. Tto raie select und up dows logic processes the eamoled oxtput of the 
q Schmit triggera to determine at which tate the read couvtes eboulkd be increspantad. YF the oatpet of tha high epeed Sctmitt is high j 
a: (1. %-volt trigger threshold}, the read counter Is incremented at 6,400 ppe; tf the output of the fine Schmitt is high (0.1-volt trigger 
threabold), the rate is 100 ppe, Thus, ip coe sample time the x ad couiter will be incrameated 1 bit at low apead or 4 bits at high 
epeed. The functional equivalent of System Rate and Switch Selection Ip abown below, 


Ste 


Fine Error 
(#00 Hz) 


a 
e 
e 
E 
be 
> 
Co) 


Read Counter Input 
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IMU INERTIAL MODE 


Hi The circuitry employed bY the Biock 1 stabllization amplifier operates on IRIG error elgnals in the following sequence: 
1, Input network 
a. Full wave phage sensitive ring demodzlator 
b. AC ripple filter 
itt 2, High gein symplifier and torque motor current driver 
fh 3. Feedback aetwork 
2 <ATmoeture current sampler 


I 
: b. R-C servo compensation network 


Input Network 


The loput galn characterletic of the stabilization amplifier orlgtaatee from the circuit shown below. 
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The galn ractor relating demodulator output to IRIG input is: 
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i - = is the dc component of the Fourier eertes of a full wave recttfied elgnal. 
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Where 33 152/145 1 Is the effective "divide down" resietance of the input network. 
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Feedback Network 


i The feedback gain cheracterlstic of the stebilization amplifier originates from armature current feedback of the gimbal drive motors. 
#| A l-cohm reaietor ie Inserted in eerles with the armature winding of each motor # detect armature current. The appropriate feedback 
| galn unique to each gimbal loop is obtalned with the divide-down networks shown below 
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where 
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— 15 30 15 | 

en (middle loop) = (Langa) (39) 33 1 Let 
— 10 30 10. | 
Cp, (outer loop) = (hind Go) Gi) = gr bon : 


Frequency shaping of serque motor current is achieved with the passive "T' network shown above. The frequency response character- 
istic of the feedback compensation network is: 


: i a {_s a 
SCARE eT \0. 125 \2,.000 


“fb i] 5 ) 
(aa +1) see +1) 


with the feedback diodes not conducting. 
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Assuming an ideal High Gain Amplifier, the input and feedback networlss can be combined as if each were working Into an operational 
amplifier thus: 
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Course Align 
When used for coarse align, the stabilization amplifier ts reconfigured as follows: 


1, The Input and reference signajs are swetched from 3,200 Hz te 800 Hz. 


2. The feedback compensation is changed by connect ing 2 4.1 uF capacitor In paraile! with the 0.5 4.F capacitor used for the 
inertial mode. 


3. The coarse align al is: 
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4 GYRO PULSE TORQINNG 


Gyvo torque, its corresponding preeeasion ralc, and hence gimba. posiijon ere controlled by ragviating the Sulee width of gyro 
i (orquer current, In the Fine Align mode, the length of the torquer curie:d pules ta precisely controtied by the computer to achieve 
H a desired gimbal poeltion. 


To torque a Berticular Bre, the following 2eQuence of commands ie laaved by the compuler: 
t 1. Gyro Torque Enable 

| 2% Grvo Sesect 

4. Gyro Set (tho Gyro Reset commant is tagued at all Gi:mes when Gyio Set se off 


Gyro Torgue Enablo Command 


Tne Gyro Tomque Enable commaid ta lasved dy the comovteT Uirough Ait & of Chapaal 14. The Bir 6 gates a 102.4 KHz pulse train 
ovt of the commter lo a seley driver in Ine Gyx0 Calibration Modple. Whee sctustad. 28 Vitc ia apptied to the Precision Voltage 
i] Refarence {PVR} suppiy arxd 120 Vide ie appliod to the Binery Curzent Switch and DC Dillesential Amplifier. The Gyro Torgne 

i Enable command muat be iseved 20 milliseconds prior to the Gyz0 Balecs Com and to aésure ample time for relay cloauie. 


eae le Oey as teed EE Oe Ree ee 7 


Torque 
Set 


Dillerential ) 
Amplifier and Sestch 
aa hd capt ee en Fee et tee 2010017 
ee 
i 
I 
t Vde 
= Fe. gad Orme” BS-088 mA . 
Torque r Curreat l 
| 
| 
| 
! | 
| 
Cursent 
Monitor 
| 
= | 
: | 
Seale Factor 
or Reetstor Gyro t 
Cattoration | 
| Module | 
Ee Na RTE A et RP PEM Pi J 


Gy ro Select Command 
The Gyz0 Select command is controlled by the Computer thraugt Bits 7, 4, and 3 of Channel 14. The aalection logic le atown in the 


following table: 
RIT ? mTB RTs To A WINPING 
0 1 0 oy 
0 t 1 -¥ 
1 0 e > 4 
1 0 1 +X 
1 1 0 +2 
p 1 1 2% 


The mude logic shown shove gine 6 02. 4 kNx piles train out af the computer to one of ai tranalator awitchas in the Gyro Calibra- 
tion Module. This pulee train will close the Lianeietor ewitch, thereby enablidg lorquer curment when the Gyro Set commana ts 
jesved. lf more Gan ooe Zyro is © be torqued. tie order of selection ia Y, 2, aod X with each gyro being completely torqued 
before the eextune ts selected. 

| Gyro Sel Command 


The Gyro Set command ta comrolled by the com pulnr through BY 10 of Chanone) 14. This bit sets a flip-flop which gstee a §. 2 Khe 
| pulae t)8.In owt of the computer to the Binary Current Switch via the Gyro Callbratioo Module. Whan sctusted io thia manner, gyro 
} fotque cursent is switched (rom the 920-—ohm dummy load lo the lotQue winding salected by the comgutcr. Wher the desired auatber 
of ect plses bas been Issued, the (Hp-llop Is reset causing current lo be tiansSerred from the torquer windlag bo the dumuaw had, 


tf tho number of sol pulses to be lesucd is less than 16, 384, they are el) jeeved to a single dorset al a rete of 3,200 pps. If the num- 
j ber la greater. than 16,364, they ase divided Inio groups of 8, 192 pulees plas 2 :emiainder, Gimbe) posillening ts then achleved by 
{esuing: succesalve burals of 8, 192 prices, each separated by a J0-milliaecoad delay, plus the remainder. 


Pulse Torgue Scale Factor 


The polee 1orQue eesie tacior, In are-eecoads of gimba) C:avel per computer act pulse, He 0. 61798141, 750 pom at the G & NB level 
of toat. The torque preduced by aach gy10 torquor te: 


T =KI= 4,335 dywe-cm 
whare 
a 
K fe microsyn sensitivity In dyne-cm/smp~ 


1 ia microsyn cusrert 


Each torquer In padded to provide 4,336 dyne-cm of lorgac for a current of 85. 003 mA. 


Torquer current |e precisely set anid regulated by the PVE and the scale factor resistor in the Gyro Calibration Module, 


The Hyco pclse torque loop ogeTetes to achieve Gimbal poeitioniag onder Gempoter control by covtrolling the Kyre precessios rate 
aed, hence, gimbal rate. The maximum alew rate capadility of thia system is: 
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Gyro Torque Enable, 162.4 kHz (issued by computer 20 ms prior to gyro setect}. 


Gyro Select Command, 162.4 kHz (issue by computer to one of six switches in calibration 
module, to allow torque current to flow to the proper gyro torquer). 
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Gyro Set, 3.2 kNz occurs 2 ms after gyro select; switches binary current switch to 
allow torque current 
Gyro Reset, 3,2 kHz ©@ccurs at all times that gyro set does not occur; causes torque 


current to be applied to a dummy load). 
TM Reset 


Calibration Module 
PSA/PTA 


28/120 Vdc———fom» Torque Current 


: 
PTPS No. 2016626 


SS 


Dummy Torque Current PTPS = Pulse Torque Power Supply 


PTA = Pulse Torque Assembly (LM) 
PEA = PIPA Etectronics Assembly 
(CM) 


S| 


Current Feedback ~ ’ 28/126 Vde 


Binaiy 
Current Switch 
PSA/TPA 


DC Differential 
Amptifier 
PSA/PTA 


No. 2610629 


Xn No. 2016017 


Torque Current Control 


‘ if Stet 
ae r ' 
i 
ean 


1120V Izov 5 I2Ov! 


SENSING RESISTOR 
12.38 


seit atenisiteintii » SCALE FACTOR GYRO 
| = CALIBRATION 


‘ gp Pt ay a 
| oy a. s al i 
| Bex. a | ‘o x 
| w ! 7 ° 
/ ; fe 2a | Itov 
T4V Woy wWOvV Tey * ebY 
g3 <| xf eae I2OV, RETURH | 
$3 8333 @ _pizov 
& ‘ 
ta 
| “ote 7 
8 | 
| 7. t 
| : ) 
' i HD +120V OC j 
j 
1 | | oe == i 
ae 0 ges ae eee rn 
1 t : ff CONTROL Fee j ! | 7 
; | DIFF AMP a 
i a ; / 
j ; i 
| DC DIFF AMP AND PuR | 
r i | 
eeloOen BINARY CURRENT 
os | _SWITCH ~2010017 | 
| | | - TM. TH - oT = 
= i 
| — » 
' € ie GYRO Reset 
‘ GYRO SELECT Pa wos 5 |s : @ 
GYRO TORQUER Wwoncs ae sto 0c ED 2.2KPPS 
| Mar : 
| ce | 9: tn) Guta ses 
* i $s leg TWIT 
7 r 
CURRENT 


CURVENT FEEDBACK TO tO1rF AHP Besis Toa 


TO .S$68 72 
@av Guo ¢izov GRO TIED TOGETHER Ww caAL Hoe e0l0020 


_—— — 
TESS = ; ; 
eR = ——e 

_ ——;&;z—~E<—_—_—_—— 


GYRO POLSE TOR@UING LO@P 


Glee hats ae Eee In i a GR DET ee ees BUTS rT a La i ae Teed 
ine fh OP felt ph ype ew Oyo. A RA ie Dl ae eee rer Fe gD Peay aati al ny fee a Na see v Li aL ee 
eRe Paes ew ee CS rh Pacem [apr ee ene a Sime Le ie LT aa De eee ie, Satay lied A aoe f ay trey a ‘ih f a tee = 

ius et ight TEE wg : aay Et aaa peodabeeebr Dieta Skea Las cate Fee de eg, Gh gl eet en LN Fee te Ge cee ls He ES re ee cee Deer 


IMU FINE ALIGN FUNCTIONAL BLOCK DIAGRAM 
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APOIO 25 FRIG 


Moments of Inertia: 


about OA: 307 0 gram-cm* 
about IA: 650. 8 gram-cm?é 
about SRA: 124.0: Same 


Damping Coefficients: 
aboutOA: 4.75 x 10° dyne-cm/rad/sec 


about IA: 1.5 x 10? dyne-cm/rad/sec 
about SRA: 1.5 x 10? dyne-cii/rad/sec 


Wheel Excitation: 28 volts, 800 cps, 4.5 watts at synchronism 
Wheel Speed: 24,000 rpm 

Angular Momentum at 24,000 rpm: 434x 10° oram-cm* sec 
Signal Generator: 


| Input: 4 volts, 3200 cps 
Sensitivity: 10 mv/mrad 


Torque Generator Sensitivity: 0.6 dyne-cm /ma* 
Pulse Torque Scale Factor: or 1220 rad/pulse at 3200 pps 
Magnetic Suspension: 
Stiffness: 6 gm/0.0001 inches Radial 
0.8 gm/0.0001 inches Axial 
Typical Temperature Sensitivity 


Scale Factor: 400 ppm/? is) 


| Input: 4 volts, 3200 cps 
| 
| 
| 
| Diate 0. 2:meru/o F 


Actual TRIG temperature 
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Bi GYRO PARAMETERS 
g I Pr gyro parameters are ADIA, ADSRA, NED and scale factor. pecification values across ISS, Ga, Bs 
E Hu and S/C testing are as shown in Iuble II-l. ‘s | 
Be! || toh 
| Hi | 4 
Ve [Gyro Coefficient Stability criteria oa 
ii) Coefficient [__Unita m2 be D3 Max M3 
‘at | Acceleration Drift along the IA 33 ho 100 pa 
ah (ADIA) | 
it | Acceleration Drift along the SRA 2) 25 Xe) 
WN (ADSRA) . 
AN | | 
ral Zz 
4 Hie Non-Atceleration Bias Drift 9 pal 15 : 
1 We | 
Hh 1 
7 mi i | 
Ry lid Gyro scale factor lim?ts are * 1750 ppm. 
Ne The maximm value of gyro perfarmance parameters which can be campensated for by the computer is shown | 
y in Table II-2. 
i i it i | 
an Table II-2 | 
Bite _ Coefficient Max Value CM/IM _ 
iW ADIA meru/g 862 /630 
i ADBRA neru/g 862/630 | 
Pa NBD meru 128.7 | 
ny : | 
AB) 
WG i 
ay IMU GYRO COMPENSATION . 
Thy The campensated PIPA data is used to campute the IRIG tarquing necessary to cancel the NED, ADIA and . 
P| AUBRA gyro coefficients. The camputations are | 
A 
B XIRIG = -ADIAX PIPAX, + ADGRAX PIPAY, - RHDX 6 t | 
| ae 
ii ¥IRIG = ~ADIAY PIPAY, + ADSRAY PIPAZ, - MBDY A t ! 
wi ZIRIG = -ADIAZ PYPAZ,, - AUSRAZ PIPAY, + EB A t 
P| 
o XIRIG, YIRIG, ZIRIG are gyro drift campensations 
WEIN, WHOY, RBOZ are gyro bias drifts (an erasable load) 
| | ADSRAX; ADGRAY, ADSRAZ are gyro drifte due to acceleration in spin reference axis 
EW (an erasable load ) 
ADIAX, ADIAY, ADIAZ ere gyro drifts due to acceleration in the input acis 
| (an erasable load) | 
1 


When the magnitude of any IRIG camnan’ exceeds two pulseg, the commands are sent to the gyros. 


| i Dring free-fall only the NBDX, NERDY, NHIZ are the relevant coefficients and the routine is so ardered 
on that only these tarme are calculated for the gyro campensation. 

| , Tbe camputer RED registers are 1460, 1461, and 1462 for the X, Y, and Z gyroe respectively. 

| i GYRO DRIFT NED = (.007835) (Reg Contents in Decimal) MERU 

| | 
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ELECTRONICS COUPLING DISPLAY UNIT (ECDU) 


The ECDU encodes and scales the IMU gimbai angles and transfers the angles to the 
computer in fhe proper format. 


The ECDU is #n analog~to-digital converter which utilizes two encoding loops and one 
read counter which can be accessed by the computer. 


i! One encoding ioop is used with the 16 x gimbal resolver (the fine system); the other 
: encoding loop is used with the 1 x gimbal resolver (the coarse system). 
ih | 


| The ECDU digital servo is analogous to a resolver synchro illustrated by the follow- 
i ing diagram. 
‘| 
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J2. 8 kpps 
| Digital switch selection logic {implements | | oe 
| sin (0 -v%) or 0 -w as does resolver 

pair. 
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Se Se See 


| Pulse rate selection logic 
generates 12.8 kpps or 0 
based on servo error. 


Read counter accumu- 
lates pulse train. 
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ELECTRONICS COUP LING DSPLAY UNIT ECDU (COXTINUED) 


Foe BCDU is an analog io digiia) coaverter which wullizes swo eacafung fooge and one ceozd COGnier to which the conlputer Aas access. 


Ove loop cemenaied the ‘Vine sysiem” is uscd lo encode 16% gimbal ratolver Aogles. Vie oltrcr, 2 ‘Cosree ByYstom.” encodes )x 
Goubal reselver angles, 


When the differcnes beQ/ocn 2 £1md2) resalver Bogic and Ure ECDU read caustes axceeds 6.4 Gugrurs, the ‘Corrse syilem” kas 
eacnsite cairo! d the re2d conneer, For crrore emoller than $.4 Gxrtec, the [ine sycsem” bas cachserre cooun? of ihe read 


counter, 
Coaxae Syetam 


The casype evsiens vitlizes a syHle=m of ewiecd selection agle. weigkeg restetocs. and eumming ampiiliers lo geverale a ir qUHD- 
memric identity of the form: 


stin (@=¢) * -ain # com pF coe 0 aln & 
where 

@ =< che Simian) acgic 

4 o@ che rosd counter angho 


TM» trigonometric Idgniily is used as ancrror eighdl to drive ths road canter uxtit ¢ nia been isolated to one of alght t$—<degrey 
eey mens. 


coe 22.5" = FR, | R 


da Resolvor 
Sine 
Whwisg 


-cm Oe sin? 


ain7.8° 


Swaches eet lyon 
dig &2| crate of 

Read Counter (6) until 
@00 fiz sal) t¢ achieved, 


A ladder netwerk provides an addisiona! algnal whicd drives the read couster uals! + has been further isolated te amo of 16, 
2, f-dagret gepment. 


sin 22.3" =» Fy Riy, 
— A A 


#00 Ha 


Excitation 


win (=1/4 - 


Read Coanter 
terur 8.gnal 


t 


Svitcrse eet until 
600 tH nal) w achieved 


The rancijonal equivalent ef he entiro coarse #¥atermn error detecting rogic ia as shown below. 
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Resolver Angie @ f= % 


Canmrae Errore 
rahi Hr ae} 


Read Counter Piste 


m& the manner ahown ebove. tho efor senweeo Lhe ix cenolvar poaRion and the digital tas cf the reed camer le converted to an 
600 Wx analeg signs. Ths is converted back iolo a digital drive afges| for the reed camler by Une “coarse Schmill (ringcs and rate 
selactian lagtc_" The coares Schmitt trigger threshold lo aol at 0. 36 Vrme 16.4 Gegoece) hereey desctivaiing dhe coarse read 
covnler loop when 1b¢@ srror betwee 1x resolver position and the read coumer Is beer Chan 6.4 degree, The pune lram owlput of 
(oc Schill trigger ie inicrscgasad by « 3, BOO OPS Impulee iraln. When the cOarec Sehiellt ie dvtu>26 high, the read caster bs in- 


¢ccemerand at a cate of 13.6 Seppe, tis rendicg 16 bite iso the reed counter in 1/608 of 6 ecomms. The funcifoual equivaledl of thw. 
aigual Crocessing Mi einen below, 
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COARSE SYSTEM 
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3 Logic * 
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G2 = 13-14-15 -13-04.88 
SB = 13-44-05.13.14-i8 
Shot 13-4 15068 -8-65 
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Ste = (3-445 213.45 
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SB © 13.14-15S61-NIS 
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E) ECTRONICS COUPLING DISPLAY UNIT ECDU (CONTINUED) 
Fine System 


The fine evstem utilizes a system of switch seloction logic, weighting resislors, and summing amplifiera to generate the trigony- 
metric identity. 


~6in (0-d)= gin @ cose * cos @ Bin » 


This identity le used 26 an error Bignal to drive the reed countcr wtil ¥ Ls iscialed to one of 256, 0. 08b.«Jexyree aeginentys. 
enization of thia Wentity #@ similar lo that of the eoaree system except for the [ollowing significant differences. 
a 


Mech- 
The fine 6yélem generates an internal reference cos {6- }) to excite ladder Bwitches. 


2, The 16x resolver angie ia divided into 16 segmenté of 22.5 degrees resolver electriea!. 


The ladder divides each 22. >degree segment into 356 aegmemts of 0.088 degree resolver electrical. The !» mochsmical 
equivalent is 0. 088 degree/i6 or 0.0086 degree (20 seeonds of arc). 


4. <A Quadrature reject network is employed to achleve a true loop aul. 


The functional equivalent of the [Ine system error detection logic lg shown below, 


16= 6 
Resolver Electrical Angie Error Vultage 


: LA a . (800 Hz ac) 


Read Counter State 


Fine syetema error 60ghels are cooverted beck (nto digite) read couoter drive signals by a [ine Schmitt trigger system and a high 
epeed Schmitt trigger syatem oftreting in tandxm. Each is interrogated by the same 1,600 ppg impulee train. When tho high speed 
Schmitt trigger js detected high. the read counter is incremented at a rate of 12, 800 pps. When the fine Schmitt trigger is detected 


high, the read counter ie incremented ata rate of 800 ppe. The threshold level of the fine syatem Schmitl triggers is ae¢ such that 
the rate selection jogic ahowyn below 1s achieved. 


oi 
© : 
E et 
> 4 ia : fa sal i a ‘ ir 
POR TR Me 
: ee ae 
ee) ee 
Fine Err = = ey a 
800 Hz rms P Be Slee 
g e cat icy 
7 & High Rete = 12.8 kpps x 20/pulse Gat 
= > « 70°/secow ni aaa 
= er low Rute = 800 pps » 20''/pulse Bad 2 sean nee. 
a 4. 45°/secemd ve ee 
| si 
Schmitt Trigger Trreadold id; 
1.2 Vrme x 1 degree. = 2.2 degrees rasd counler 
8.63 V/ : 
ie 
Adegree _ ie 
0.07 Vrme Xe 63 v/* 0.131 degree read counter 
The rate select and up/down logic processes the sampled output of che Schmitt triggera to determine al which rate the read counter 
|e incremented, MM the high speed Schmitt ie “on,” cho increment rate is 12,800 pps or 16 bite in ome sample time. Lf the [ine l 
e| Schmitt fe ‘'on,* the mcrameat rate fe 800 pps or | bit in one sample timo, i 
i Read Covnter 
Lit ada AT 
ABST The read counter Ls a 16-stage digital coanter with an B4U angle granularity of 20 seconds/bit. Inpute to the road counter are con- 
Bi 4 trolled by rate select and up/down Jogic. The output le uged by the fine syatem switch selection logic tu vreduce Uv fine error <4 
Bi signal. Access to the contents of the read counter by both the computer asd the error counter Ie serial only, Access by the com- ' 
fe j puter ts to the flrat order dit (42°), Accees by Ube error counter ia to the third order bit (A2*). Gecause af the ahove, the count : 
: af rate to the computer is four timea faster than to the error countor. Computer bite, however, have one-fuurth the weight factor of 
4 those transferrad to the error counter. 
a 
diy Functionally, the read counter is represented aa an integrator with a coudt rate in degrees/socoad and im cuitput in deyreea. 
i | 
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IMU/CDU/AGC INTERFACE DIAGRAM 
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IMU GIMBAL ANGLE AND OPTICS SHAFT SCALING DIAGRAM 


Contents of Respective Location in AGC 
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-180° -150° -120° ~90° -60° -30° 0° +30° +60° +90° +120° +150° +180° 
Actual Optice Shaft Angle or IMU Gimbal Angle 
DSKY Indication and CRT Display on RTCC 


+180° +210° +240° +270° +300° +330° 0° +30° +60° +90° +120° +150° +180° 


NOTE: For Colossus, V16 N91 monitors the optics shaft angle in Rl (+XXX. XX); V16 N20 monitore the IMU gimbal angles 
as follows: 


Rl; Outer Gimbal (+XXX, XX) 
R2: Inner Gimbal (#+XXX. XX) 
R3: Middle Gimbal (+XXX, XX) 


OPTICS TRUNNION SCALING DIAGRAM 


CRT Display 
on RTCC 
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Maximum Contents of 
Location 0035 


Positive in AGC (CDUT) 
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-10° 0° +10° | +30° +4 +70° +80° +390° +100° LOS Trunnion Angle 


+19, 773° L 


+80° +0° +10° +20° +30° +40° +50° +60°  +70° +80° +0° +10° DSKY Indication 
(V16 N91, 


Colossus, 
R2: +XX, XXX) 


NOTE: CDUT (LOC 0035) is loaded with a -19.775° bias during ZERO OPTICS, This bias produces positive driving commands for angles 
up lo +'64,775° in the CMC mode, Without the bias, the CMC mode would drive the trunnion to the negative stop for command angles 


of 45° or greater, 
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RENDEZVOUS RABAR/CDG/LG INTERFACE DIACRAM 
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CM OPTICS 


hie Vii The Optical Subsystem has three major modes of operation (MANUAL, COMPUTER, | 
Be Pi and ZERO OPTICS). 


Bid) The configuration of the Sextant Trunnion and Shaft servos determines the mode 
Be kt || 4) of operation and is controlled by switches on the G&N Indicator Control Panel. 


Beek || ZERO OPTICS is a Sextant velocity follow-up servo commanded to zero degrees 
by position measuring resolvers mounted in the SXT head. The actuating errors 
are the sine windings of the 64X and 1X resolvers for trunnion and the 16X and 
1/2 X resolvers for shaft. 


‘i a COMPUTER operate optics uses the Sextant Servos in an integrator configuration 
i } that accepts position commands from the CDU DAC‘s. The computer supplies 
Bi | the CDU Error Counter with pulses every 0.5 seconds. At each 0.5 seconds, 
Ri the computer recalculates the number of pulses required to position the LOS 

a Hy HH using information obtained from the CDU Read Counter. 


MANUAL* mode_ uses the Sextant servos in an integrator configuration that 
RANE accepts velocity commands from the Hand Controller. There are two sub-modes 
eit i i! of the MANUAL mode, DIRECT and RESOLVED. 


eat tj | For the DIRECT MODE up and down Hand Controller motion results in increasing = 
jad and decreaSing trunnion angles respectively and right and left Hand Controller 
|e motion results in increasing and decreasing shaft angles respectively. 
Pa 
WW ae For the RESOLVED MODE up-down or left-right Hand Controller motion results 


Hy in up-down or left-right image motion respectively. 


= 
EE 


eee 


pes The SCANNING TELESCOPE SHAFT servo follows the Sextant shaft servo in all 


Bi || | modes of operation of the Optical Subsystem. 


tie The SCANNING TELESCOPE TRUNNION servo follows the Sextant trunnion servo 
HY in all modes of operation of the Optical Subsystem except when the Optical Sub- 
system is in the MANUAL mode and the TEL TRUN is Set to 0° offset and 25° 
offset. In the 0° offset and 25° offset modes, the SCT trunnion angle is held at 
O° and 25° respectively. 
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* During Program 24, the SXT integrators accept velocity commands from the 
Hand Controller and the CDU DAC's. The computer supplies rate commands 

to the shaft and trunnion CDU Error Counters (by setting bit 2 of Channel 12, 
Enable Optics CDU Error Counters) and inhibits feedback from the Read Counters 
to the Error Counters (by setting bit 8 of Channel 12, TVC Enable). 
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OPTICS TRUNNION DRIVING LIMITATIONS 


OPTICS TRUNNION SCALING DIAGRAM 
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NOTE: CDUT {L@C 0035) is loaded with a -29. 775° bias during ZERO OPTICS. This bias produces positive driving commands tor ad¢ies 
up to +64. 775° inthe CMC mode, Without the bias, the CMC mode would drive the trunnion to the negative sto> for command angles = 
of 25° or greater, 


Since optics trunnion scaling is 9.88 arc-sec per data bit, the 14-bit CDUT register in 
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i fi the Computer will overflow (400008) at 45 degrees LOS*. This overflow is interpreted 

un it! | by the Computer as a negative angle when in reality it is not. By biasing the CDUT 

can location (register 035) in the Computer by -19.775 degrees, the counter (035) will 

au j not overflow until an LOS angle of 64.775 degrees (40000g) is reached. [In this case, 

an the Computer (optics trunnion driving routine) interprets an overflow as -45.000 degrees = 
a i +19. 775 degrees or -25. 225 degrees. 

a i The maximum usable trunnion angie is approximately 57 degrees. Beyond this angle 


the line of sight is completely vignetted. 


*LOS = Line of Sight 
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“The operational effects of trunnion biased overflow on the CMC Operate Optics mode 
~  ¥g summarized below. 


4, @PTICS CMC TRUNNION POSITIONING BETWEEN 0 AND 64.773 DEGREES 


_ Any angle in this range can be commanded from within the 0 to 64. 7-legree range and 
the Computer will drive the trunnion to the correct position. if an angle greater than 
64,773 degrees is commanded from within the 0 to 64. 7~degree range, the trunnion will 
pe driven into the 0-degree mechanical stop. This is because the Computer thinks a 
negative angle has been commanded. 


: 2, OPTICS CMC TRUNNION POSITIONING BETWEEN 64.775 AND 90 DEGREES 


; : Any angle in this range can be commanded from within this range and the Computer will 
- drive the trunnion to the correct position. If an angle less than 64.775 degrees is com- 
-manded from within the 64.775 to 90-degree range, the trunnion will be driven into the 
_ 90-degree mechanical stop. This is because the Computer thinks a positive angle has 
_. been commanded. 


: °§. OPTICS LOOP AMBIGUITY AT 64.775 DEGREES 


The Computer Operate Optics mode is a muitiloop position followup servo operated 
~ under control of the Computer. The Computer supplies a maximum of 165 command 
- pulses (1.83 degrees) each 480 milliseconds (ms) in the form ofa 3, 200 pps burst. 
: _ The response of the Optics is then measured by the Computer once each 480 ms and 

- appropriate correction commands are issued. This sample data loop has an ambiguity 
-. at 64,775 degrees for the following two cases. 


) a. Case i: Initial Trunnion Between 0 and 64.773 Degrees and Angle Close to 
64.773 Degrees is Commanded 


~The Optics will begin driving correctly. If a servo overshoot beyond 64.773 degrees 
- occurs, the CDUT will overflow with the result that the trunnion is driven into the 
- 90-degree mechanical stop. 


b. Case 2: 


Initial Trunnion Between 64.775 and 90 Degrees and Angle Close to 
64.775 Degrees is Commanded 


If the servo overshoot is of sufficient magnitude such that a CDUT angle of less than 
64.775 degrees is detected, the trunnion is driven into the 0-degree mechanical stop. 


pret saa aint ee arate = esi HN peng ree = > — 
Ba Rules: Error Counter 
Sextant Shaft 
°/sec 
One Computer Cycle Vp A ) é Vrms ie we ea 
t48¢ = =" _ 
83 pulses/0. 24 second x 
| 160'"/pulse = 15.1°/secood 
} Hi Rate = 1,600 pps x 160"/p x 1/3,600 */'"' =70 °/sec 
Lo Rate = 100 pps x 160"'/p x 1/3,600 °/'' =4.375°/sec 
Fine Error 
Rate Select and Up/Down Logic Test Point x 
12,800 pps = 
PP cn 
Nh 


Os (degrees) 


Sample 
and Hold 
7 =1.25 msec 


oo 
o 


@ 
& 
Sua 
> 
[5° 
= 


Fine System ~ (degrees) 
Switch Selection Logic 


0.07 Vrms 
1.2 Vrms 


12,800 pps 


Read 
Counter 


Bi Rate = 22,800 pps x 20"'/p x 1/3,600 °/" = 70°/sec 
Lo Rate = 800 pps x 20'/p x 1/3,600 °/" = 4. 375°/sec 


—*: 


TRUNNION COMPUTER AIDED OPTICS (P24) 


Hand Controller 
Tnput 


SX T 
= : Trunnion 
3 esa A 8 
T (Mech) T (LOS) 
0. 51°/s/Vrms 


S 


Error Counter 


384 bits |. 


From CMC : 
; aes 
| S86 


L 
= 
6) 
Ww 


4 384 bits 


— Select aod Up/Down pate Sole Cae Upipe wo lcrlc 


arias 
Count Down Sampie and Hold 69 Vrms wy go {Mech) 
a 1=1.25 ms degree —— AN) 
OO S00 Ta é ; 
5 E oa 
12, 800 pps > Fine System 
Read Counter Switch Selection 
| Logic 
| q 
(FJ 


Bit 2 of Channel 12 ls set to enable the Error Counter, 
Bit 8 of Channel 12 is get to lnhibit Read Counter to Error Counter feedback. 


— eee ee ee ee | ee ee eee 


es SS — a — == 


Hand Controller 
Input 
1 SX T 
-—— r volts/volt Shaft 
ge — : 
Error Counter 
From CMC 
+ 
A6é C 


. 384 bits 


Count Down 
by 2 


Sampie and Hold 


T= 1.25 ms 


800 pps 


12,800 pps 


Fine System 
Read Counter Switch Selection 


Logic 


Bit 2 of Channel 12 is set to enable the Error Counter, 


vo-MH 


Fa ip a nal rs F = eae 


MP COMPENSATION 


wae. 


| S 
| FEEDBACK COMPENSATION 


IDEAL VERSION 
Q 7oal+1) 9 
SxT 4 2 SCT 
ST 
S 
| SCT TRUNNION SERVO 


peers er eee ae Weel steer eet tee ee ee eer Co) re ee a 


as la | Pee hl eet ne 


yd gL web Aa bare SL aca oS a a aa ae ne Sra para can ny PL em 


vee ess Ne Sr et ee 


ca ea a at 
= = a a ee 


i ee mona semen = eee eee eo nema ee Te eb eae 


~ ESOLVER PRE-AMP COMPENSATION MOTOR GEARS 


9S°-MH 


FEENQACK COMPENSATION TACH 


IDEAL VERSION 


‘ 
: 
f 


aia, 


sip em bd re Aes ta pee 


fel iam i ir a rig wy = 


OPTICS MOTOR DRIVE AMPLIFIER 


PREAMP COMPENSATION 


—. 


-—---——— 


ee 
a35 0 


4) 
teva 
| He 
a “+ 
| eis 
aE ce 
nt Leia oe 
er = 
eel 
Ca] 
P| ae 
mat | 
2 cn ae 
tat i nerd : 1 Hs 
hi “a 
alee | 
ti 
iin 
Eade a aa 
aa if 
Cr a: 4 


=ion 
oa So) a ac a! = . - : . : f j ; =e 
; ol q + id 2 


‘ es 
FEE | i oy a cas 
J 7 rv 
k re | 5 - . i ace 


wean a a , gabe 
ad I 


a fT a in 


one a ne Se ee 


[PEEDBACK COMPENSATION 


eS oo ee 


£S°MH 


OPTICS TWO SPEED SWITCH 
[~ 


' STRUCTURE GROUND 


I, Es ee 
SXT TRUNNION 1X — 7 WA p——————————}— 3 COARSE OUT 
| COARSE Eu. i - | | + | | SS. Sahu 


« SIGNAL LO 


ses: 32 —t— 


} SXT TRUNNION 64X 
FINE OUT 
+28 VO = 
1 ° 3 
| cbt 
0.) 
RELAY LO 
FYNE OUT 
.c 2 
SXT SHAFT 16X | 
FINE a a 
ha 
SIGNAL LO 
| — es 4) : sis plete ! “8 | 
| | 1) | Sa I = Dia 
SXT SHAFT 1/2K 2 | “ 15 - COARSE OUT 
COAASE \* ‘3 — | 


wy. 5 


BLOCK TI SERVO SARAVMETERS 


bCritk SPEEDS VERSUS LOS RATES 


TRUAWICH SHAFT 


19.5 deg sec 
2.0 ceg/sec 
0.2 eeg/sec 

50.0 set/sec 


SER_C_SENSITI ITY 


: CALCULAPICN 
5X TRUNNICN 
Hand ntroller 105 mr x 2@5 x 2 
mv 3.4 11,760 
Tachoneter 3.4% x 1.08 


SeT SHAFT 
“. r 
Hand Controlier LOS .mr--x 205 x 2 2.1 sec/sec 


ow oh 3010 nv 


— 
atx 2.1 7.1u sec/sec 
nv 


Tachometer 


WAATIOM, CREEP RATSS OVE TC RESIDUALS 


MOXINuy | SERV THOGRETICAL 
RESTOUAL = SENSITIVITY MAXIMUM RATE 


a Pe ye eee 
=r e! oe ® AICK 


co 
Hund Controlier 3 sec/sec 


my 


sec/sec 


mv 


on 
Tachemeter 55 sec/sec 


5 mv ras arse) 
P35 2015207 


= oo 
Nand Controller 3 mv rms sec/sec 
PS 201115590 my 


| “XT SHAFT 


-™~ 
@ sec/sec 


q 

. a 
a r 

7 
be | | 
7 ie 

S Tain 
wi. 

So se 

F t 

| 

no 
i i 
aot 
ia 
e 
iis 
th ie 

| ie 
| 

| 

£ A. 


—, 
108 cec/aec 


Tachometer 1S mv rms 
PS 2016207 


CPRICAL SUDSYSTEM PRASING (RCTA'TICNS DEFINED FACING SHAFT 


;—™—~t~—C::CT iv cc, Mode “Pesolved Mole™ — ididetcloecieteecaie 
Hand Cant. etal nd Ont . Hand Cont. Vand Cont.| MBA Metor Tach eet ex: _ 
Intesratcr Position Position | Position Position | Input | Rotation | Cutout] Rotation | Angle 
; * o g | ccw i 
= 


SUT TRUIINICH OCWN ec ¢ gd Decreasing 
UF 7 gD e ¢ g | Ca o ¢ Increasing 
SCT TRIMGION DOttN g uP r g ™ g Decreesing 
{sleved to UP ‘hy g OCaK 0 ¢ o ¢ Increasing 
SXP TRUMNICN) 
SUAPT Left J Right x g o ¢g Decreasing 
Aight ™ ¢g left Oo ¢ ¥ Z Incréesing 
SHAFT Ler $ tens ~ § ~ g Decreasing 
(siave2 te ~ J Left 4 c 6¢ Increaz ing 
Sxe Sh: ft) 
*ist Quadrant only O<Aa, < go” 


ha’. 


ion ANTI- BACKLASH 
(y) Axis SPRING 
, SX TRUNNION 
_-@. {INOEx MIRROR) 
TRUNNION : if 
Limit STOP 
2IT 
ie 
TRUNNION ANGLE 
ORIVE MOTOR 
1012156 
STATOR 
SHAFT LIMIT 
STOP RING 
SHAFT ANGLE 
16x%(684) 81K 183) 
RESOL VERS 
2018631 
! 
joaT 
Rotates CCW 54 Sez) X Axis 
3A 
For Increasing »: SS) 5 
“ SHAFT ANGLE 
Shaft Angle ~. CRIVE eae 
| 1012) 
1012157 ? 
SHAFT ANGLE 
1x RESOLVER 


“ ae SXT GEAR TRAIN 


SHAFT ANGLE 
if2 RARESOLVER 


1010428 


(St Los ) 


Shaft (2) 
Axis (LUOS) 


1x (85h, 2x1 92) 
& 64% 161) 
PANCAKE 
RESOLVERS 


1012065 


TRUNNION ANGLE 


Rotates CCW 


For Increasing 
Trunnion Angle 


Resolver Rotations Defined Positive Facing Shaft 


SHAFT AXIS OR!VE 


1012156 


: >t? 
2 MOrOe FRAME SIZE Il ot 
Sc a < 


SHAFT ANGLE 
_ COUNTER 


UNIVERSAL 
TOOL INPUT 


MOTOR FRAME SIZE jl 
$952 X 
TRUNNION AXIS DRIVE 


1012156 


TRUNNION 
124% ANGLE 
COUNTER 


$i6 \ 


SHAFT ANGLE 
RESOLVER 
FRANE SIZE 6 


1X 
POveIS,, 10121 t 


TRUNNION ANGLE 
RESOLVER 


‘* 
FRAME $izt ae 
1x a 
$8 
$9\ 


OIFFERENTIAL GEAR 


UNIVERSAL pe ies 
TOOL INPUT te 


SCT GEAR TRAIN 


= = : Fa ee ae it eae re 


a 


2. 


to-MH 


at HW-62 


Fit 
i St LOS 
bia 100% LT 


a lah 
ht 
i Wit 
t rib 
aa A 
‘ i 
f 1 


i Bai TRUNNION MIRROR 
il : APPROK. 4% 
f : | LIGHT LOSS 


@aEam SPLITTER as 
APPROK. 16% STLOS LIGHT LeSS = 
AND 39% LLOS LIGHT LOSS eH 


il FIXZD MIRROR 
Beit APPROX. 4% LL 


Wee Fixed MIRROR 
Fall APPROX @%.LL 


OBJECTIVE & INTERMEDIATE 
LENS ASSyY. 


°S Yo THANSMITTANCE OF S, LOS AND 
3.2 % TRANS. OF LLOS WITHOUT 


POLAROIO IN EYEPIECE RETICLE 


WiNOOw 


EVEPECE ASSY. 


LEGEND 


| LTs LIGHT TRANSMITYANCE 
| LL2 LIGHT LOSS 
Hi | 


SXY OPTICS 


‘ 

{4} 

li 

tt 
al 

| 

j 

1 

1 

| 

1 


| 
Ki | 
= 4 
Fenn = a 


HW-63 


TRUNNION CP? SHAFT 
axis * AXIS 


DOUBLE DOVE PRIS 


TELESCOPE 
ONVEC TIVE 
LENSES 


| . 
J 
COuECTIVE | 


4k TELESCOPE PLANE 


PE CMAN 
PRISM 


——— nnn 


TELESCOPE 
RF TAY 
LENSES 
EYEPIECE 


RELAY 
LENSES 


og 
a 


eens 
a n 
na | 


oo 
ae | 
Be | EYEPIECE 
SCY PANEL J/) winoow 
| 
| 
| 
| 
+464 TELESCOPE FYEPIECE 
PR!SMS 
‘ 
3 L LER 
| EYE PHETE 
: "A. EASES 
: EvESICCE 
FOC a. BMORMAL 
PLONE EYEPIECE 
LENSES 
: CA Rian an ee 


bean = 


- 


VERB LIST 37 TIG TP 

43 LOAD ERROR NEEDLES 38 STATE VECTOR TIME 

‘Het SET SURFACE FLAG 39 AT TRANSFER 

$5 RESET SURFACE FLAG t2 HA ~ HP - &£.V 

‘+7 LM SV INTO CSM SV +3 LAT - LO.NG - .H 

5+ COAS MARKING Ht HA - HP - TRE 

95 INCREMENT CMC TIME 49 AP.OS - AVEL - CODE 

96 TERMINATE P20 5) HGA PIT.CH - HGA Y.AW 

60 Ni? = N2Q S92 ACTUAL WT 

67 W MATRIX DISPLAY 53 RANGE - [2.1 - P.HI 

69 RESTART St RANGE - IR - THE.TA 

7% ERASABLE DUMP 95 CODE - ELEV ANG - WT 

86 REJECT COAS MARK 98 HP - AVITPI - AVTP.F 

88 TERMINATE VHF MARKS 99 AVLOS.X - SAVLOS.Y - AVLOS.Z 

9+ RECYCLE ATT MNVI (P23) 65 OCMC TIME 

96 TERM SV INTEG (CALL POO) 73 H(XtQ) - VEL - GAM.MA 
pa 
= 
z 

NOUN LIST 75 AH CD.H - ATI - AT2 

Q5 ANG E.R 78 YAW - PIT.CH - OMICRLON 

[QO CHANNEL 79 RATE - DB 

ll! TIG CSI B82 AVCDH LOCAL VERT 

13 TIG CDH 85 VG CONTROL AXES 

et VV CUTOFF TLL. 87 CALIB SHAFT - T.RUN 

[5 INCREMENT ADDRESS 89 .LAT - LON.G/2 - A.LT 

16 T EVENT (EXIT VER) 90 YACT-Y DOT AC.T-Y DOT PAS.S 

at & CMC CLOCK TIME YI PRESENT SHAFT - T.RUN 

52 TF HP 92 COMMANI) SHAFT - T.IRUN 

33 TIG 93 TORQUING .ANG 

344 T EVENT (PROGRAM) + SHAFT - T.RUN 

55 TF EVENT 95 TFI/TFC - VG. - VI. 

56 GMC TIME 99 POS ERR. - VEL ERR - CODE 
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PLANET 
ALPHERATZ 
DIPHDA 
NAVI 
ACHERNAR 
POLAIUS 
ACAMAI 
MENKAIR 
MIRFAK 
ALDEBAIRAN 
RIGEL 
CAPELLA 
CANQPUS 
SIURIUS 
PROCYON 
REGOR 
DNOCES 
ALPHAI I) 
REGULUS 
DENEBOLA 
GIENAH 
ACRUX 
SPIGA 
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NOUN 70 CODES 


. CELESTIAL BODY CODE OOODE P22 R2: LANDMARK DATA 


LANDING SITE haga | 
eeap ee KNOWN SITE LOOOO 
ARCTURUS UNKNOWN SITE = 20000 

>) 17% 
eNTT a P23 Ril: OOODE STAR ID 
RASALHAGUE R2: QOCOO 
VEGA G=Q0 HORIZON 
NUNK|I C=l EARTH LIDMK 
ALTAIR C=2 LUNAR LDMK 

RS: OOCDO HORIZ ID 

C2l EARTH. 2 LUNAI 

=! NEAR, 2 FAN 
DAIBIH 
PEACOCK 
DENEI 
ENIF 
FOMALHAUT 
SUN 
EARTH 
MOON 


GO-MH 


OOO0000 
OO0O0000 


MK REJECT ENTERED & IGNORED 
NO INBITS (CH 16) 

MORE MKS THAN DESFRED 

V4IN91 WITH OPTICS NOT IN CMC 
OPTICS SW MOVED BEFORE i5 SEC 
V4iN91 BUT OPTICS NOT READY 
ZERO OPTICS FIRST 

CDUS BAD DURING MK-REPEAT 
PIPA SATURATED 


CANNOT ZERO ICDU -WITH ALARMS 


NEED 90 SEC FOR ISS TURN ON 
[MU NOT OPERATING 

COARSE ALIGN ERROR>2 DEG 
PIPA FAiL BUT PIPA NOT IN USE 
IMU NOT ON-TURN ON iMU 


PROGRAM USING IMU BUT IMU OFF 


COARSE ALIGN/TORQUING PROBLEM 
IMU NOT ALIGNED/NO REFSMMAT 
DESIRED MGA TOO iARGE 


DO SECOND MINKEY PULSE TORQUE 
* TGT OUT OF VIEW {TRUN > 90 DEG} 


STAR PAIR NOT AVAILABLE 

P20 NOT OPERATING 

W_ MATRIX OVERFLOW 

NO SOLUTION ON IST ITERATION 
HP < 5.6 NM AFTER CSI 


Onraiyi—. 
OnnNNOO0COO 
OONON—NOWM 


ALARM CODES (VG5NO9) 


< 5.8 NM AFTER CDH 
TG TO CDH TIG AT<10 MIN 
IG AT<10 MIN 
ITERATIONS 
2 ITERATIONS 
NO fIG FOR ELEV ANGLE GIVEN 
WRONG SPHERE OF INFL AT TIG 
REENTRY ANGLE OUT OF LIMITS 
tSS WARNING -PIPA FAIL 
CMC SELF TEST ERROR 
DOWNLINK TOO FAS? 
UPLINK TOO FAST 
PHASE TABiE FAFL-ERASABLE BAD 
ARCSIN/ARCCOS INPUT > ONE 
VG INCREASING 
IMU UNSATISFACTORY 
IMU POLARITY REVERSED 
V37 NOT PERMITTED NOW 
OVERFLOW DURING DRIFT TEST 
BAD IMU TORQUE 
INSUF TIME YO INTEG-TIG SiIP 
SS WARNING-ICDU FAIL 
WARNING-ICDU & PIPA FAIL 
WARNING-IMU FAIL 
WARNING-IMU & PIPA FAIL 
WARNING-IMU & ICDU FAIL 


PON PON =] UM nw roa 
—-O000N000—0 
—~WN—h——— NO 


ISS WARN-FMU,ICDU & PIPA FAIL 
ORBITAL INTEGRATION STOPPED 

NO CONIC SOLUTION 

ALTIFUDE <400K AT TIG (P37} 

NEG OR ZERO WAITLIST CALL 

TWO DISPLAYS ATTEMPTED AT ONCE 
TWO PROGRAMS USING AT ONCE 
SORY CALLED WiTH NEG ARGUMENT 
DSKY ALARM DURING INTERNAL USE 
LEGAL FLASHING DISPLAY 

KEYED PQ} AFTER LIFTOFF 

DELAY ROUTINE IS BUSY 

EXEC OVERFLOW -NO VAC AREAS 
EXEC OVERFLOW-NO CORE SETS 
WAITLIST OVERFLOW - MANY _ TASKS 
CANNOT INTERRUPT EXTENDED VERB 


00404* fS A PRIORITY ALARM 
2XXXX POODOO -NO_ RESTART iT -F37 


AVE G_ON OR EXT VERB - 
ACTS AS BAILOUT) 


3XXXX BAILOUT-NO RESTART LT- 


PROGRAM CONTINUES 
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oe OUA LINE OF SIGHT TO IMU STABLE MEMBER ‘JRANSFORMATIONS 


OUA Boresight (LLOS 
2SCr Z2NB . 


Z@B5 


Xsc. XNB 


¥sc YnB YOB 


3 
o) 
~J 
x cos Ai 0 sinAI cos AM -sinAM~ 0 i 0 0 cos 32+ 0 sin 32° cos AS -sinAS 6 cos AT 0 gin AT | 0 
| ¥)= 0 1 ty sin AM cos AM 0 0 cos AO -sin AO 0 u 0 sin AS cos AS 90 0 1 0 0 
z| |-sinAl 6 cosAI|{ 0 0 1 || sinao cosaAO || -sin32* 0 cos32*}{ 0 0 1||-sinaAT © cosaT} | st Los. 
SM 


* Nominai Angle 32° 31! 23" 


r 5 
x cos AI 0 sin AI cos AM -sin AM 0 1 0 0 | cos 32* 0 sin 32* cos AS sin AT 
| Y¥|= 0 1 0 sin AM cos AM 0 0 cos AO -sin AO 0 1 0 sin AS sin AT 
Zz ~sin AI 0 cos AI 0 0 | 0 sin AO cos AO -sin 32* 0. cos 32* cos AT 
M — = aaa =! 
where 


AI, AM and AO are the inner. middle, and outer gimbal angles as indicated by the CMC 


AS and AT are the &%T LOS shaft and trunnion angles 


SAT Ete eDs OF ViENY. 


DAIVE RATES 
TRUNNION SHAF JT 


HI 10.0 DEG/S 19.5 DEG/S 
MED 1.0DEG/S 2.0DEG/S 
LO O. 1 DEG/S 0.2 DEG/S 
MIN 25 SEC/S SO SEC/S 
CMC 3.8 DEG/S 15.1 DEG/S 


RETICLE ROTATION WITH "2. Ps, 
OPTICS HAND CONTROLLER 
FULL FIGHT CMANUAL DIRECT wade ORE Cees a 


MODE) 


89-MH 


SXT LOS MECHANICAL LIMITS 
TRUNNION O(€0,-10) TO 9O0CI0,O) DEG 
SHAFT 270(0,-10) TO -270C100) DEts 


YAVY 
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SXT VACUUM RETICLE 
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SCT RETICLE 
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ALIGNMENT OPTICAL TELESCOPE 


AOT 
Oca SHAFT AXIS 
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Kia At (Os 
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Tor chee Lay 


AOT LINE OF SIGHT TO IMU STABLE MESIBER TRANSFORAtATIONS 


Xec. XnNB 
AOT Bereelght Detont 2 


2gc> {NB 


Orbitel Alignment z 
= f = = . ' 
x gon Al 0 aln Ai cop AM -aln Af 0 | 0 0 i 0 0 coa EL, 0 asin EL, cos Ry vein Ry 0 X Reticle Plane ~J 
Y |« rs) ? 0 aln AM ~=cos AM 0 0 coe AO -aln AO 0 cna AZN Bin AZy 0 1 0 ain Ry ca# Ry 0 Y Rattole Plane 
Zz seln AE 0 cos Al A) 0 1 0 elnAO coaAO |] 0 -elnAZy cof¥AZ, || -sin EL, © Cos EL, 0 My) 1 |} LOS 
SM 4 
N » Detent Position Ry ™AZo- AZn 
(Note. Ry 1a 8 correction for the appereni rotatton 
of the ater fleld about the opticél axia when the AOT 
Is moved bo different detent positions. ) 
Lunsr Burtece Alignment 
4 coo Al O- alnAl cos AM -sinAM 0 1 0 0 1 0 0 cos ELn 0 ein EL, coa Ryo s-ain Ry 0 || comAS -+einsS 0] |cos AT 0 ain AT 0 
¥]* 0 1 0 alin AM cos Af 0 0 cos A® = <-ain AO 0 cos A2y ain AZy 0 1 0 ainRy cose Ry 0 ain AS cos AS 0 0 1 0 0 
| Zz sain AI 0 cos Al 0 n) 1 0 sin AO caa AO 0 -sin A2Zn coa AZy -aln EL, 0 co# EL, 0 0 1 0 0 i -sin AT O coaAT | [LOS 
L7J j ; 
where AS = ¥ Reticlo Angle 
Al, AM. and AO are the inner. middle. und outer gimbal angles aa indicated by the LGC AT = 280_+ § Reticle Angle - ¥ Reticle Angle 
12 


AZy and vLy are the AOT azimuth and elevation anglee «at the Nth detent. 
Ely~ 43°. Nal, 2.--+. 6; AZ) - 60°; Aloe 0°; AZ, = GO° ; AZye 120°, Ade a 180° A Zg22-120° 
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DOUBLE | AOT STAR MEASUREMENT ZERO REFERENCE 
RADIAL LINES + Y 


ARCHIMEDIAN 
SPIRAL LINES 


STAR PATH 
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23.7 min. Line Width = 10.4 - $2 e6ec 


Line Width Uniform Within 20.8 sec 


Sod ee ——_—- 31.2 aec 
32.2 eec AOT RETICLE 


= —_—_ =< - — 


RETICLE CENTER 


Nash 


RS ee hee Mee hg weet tree et eines ielitioniaminienaiendl = | i Whelan aril ciate tae” 


D 
o 
wW 
3 
oS & 
a = 
a ~— 
Es 
n Ss fa 
oO : 
= A Se) > © 
ee af cS @ e = 
E s 235 
<x rc S ae a 
po 3 as oO 2 
fz} O _ a ¢ is 
| a 
5 re ae es “ es f 2 
= ® a. a & < 
= 2) be aot 
=, s - 3 Oo - 2) fx tn 
- a A, 2 | @ A San ae ee 
S E = fa) Here ts 1 
| ZOE S g Se ge ra a 
= = ea ie = ch 4 HP? | 
él < es = ee uD wo = S 2) 
- m7) e & Vy a er rn ee re { 
= = a => ° o 
ie ees = 9 mo Ce ae ie ee ee 
S = ee e Sr We ee ee 
fo — vo rs ae ha rb) > 
> =e = a © = = S ss Ga tr 
FA mo Es re) 5 : a ao 
4 (2) o + ~ 
5 £ 'o Ag he a 8 
= & - ro) cs 5 2 o.6UCO8 
= = < a ae eee 
Ps a o 2 @ 
& 2 a o oo 
Fe ae Se S 
a = ee ore a 
| See 
| a § ® & & 
4 OF = & & 
& = AA FH GD 
N La | fom) r 2) fom) fom) 
wD iP) ws N ioe) Oo 
a a = 7 e e©@ eee 
(7 ,.) oanjeredwmay, (J ,) ainjeredwmay 


TYPICAL HEADER TEMPERATURES AFTER 
COOLANT LOSS 
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ISS WARNING LIGHT 


LM — The ISS Warning light will be turned on tf the Guidance Control switch ts in the 
PGNS position and an IMU FAIL, ICDU FAIL, or a PIPA FAIL occurs. 


CM — The ISS Warning light wiii always be turned on in both the LEB and CMP Caution 
and Warning stations regardless of the position of the SC Control switch whenever an 
IMU FAIL, tCDU FAIL, or PIPA FAIL occurs. 


In both systems each of the failures are inhibited from causing an ISS Warning to be 
issued for specific reasons. 


The IMU FAIL ts inhibited: 


During the {SS turn-on period. 
When the IMU ts being caged. 


When the IMU is being coarse aligned and during the first 5.12 seconds of the 
ensuing fine align mode. 


When the IMU CDU Zero is commanded by the astronaut for a period of 10.24 
seconds. 


During R47 AGS Initialization for a period of 10.24 seconds (LM oniy}. 


The IMU CDU FAIL is inhibited: 


During the ISS turn-on period. 
When IMU CDU Zero is commanded by the astronaut for a period of 10.24 seconds. 


During R47 AGS Initialization for a period of 10.24 seconds (LM only). 


The PIPA FAIL ts inhibited: 


Anytime “AVERAGEG” is not running. ‘’“AVERAGEG” is normally running just 
prior to and during a thrusting maneuver. 


During a FRESH START. 
During the ISS turn-on period. 


At other times, only the Program Caution light with error code 00212 is allowed for 
a PIPA FAIL. 


The Program Caution light on the DSKY will always be turned on when the computer issues 
an {SS Warning. 
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IMU FAIL 


1 @ |G or MG or OG servo error > 3 Vrms (0.166°) for 2 seconds. This is a 3,200 Hz 
signal and is detected at the input to the respective servo amplifiers (see page 
HW-79}. 


@ 28 Vac, 800 Hz, 5%, Phase B (to wheel supply} < 14 V. This signal is detected at 
the output of the power supply and is such that if any 28 Vac, 800 Hz power 


| supplies fail the failure will show up on this line. 

| @ 28 Vac, 3,200 Hz, 1%, <14 V. This signal is detected on the feedback line in the 
q regulation circuit. 

; Error codes for IMU FAIL. 

IMU CDU FAIL 


@ 1G or MG or OG coarse error > 2 Vrms (9 - YW > 30°). This is an 800 Hz signal and 
is detected at the input to the emitter follower circuit preceding the coarse Schmitt 
trigger (see page HW-33). 


a ee 


@ 1G or MG or OG fine error > 1 Vrms (6 - Y >0.7°). This is an 800 Hz signal and is 
detected at the output of the main summing amplifier ‘see page HW-36). 


gain Sallie sut ab 


Se asics te Aart, Aa hela ma 
ees ee er i i. 


@ |G or MG or OG read counter limit cycle >160 Hz. This signal is detected from the 
upline output of the read counter up-down counter (see page HW-31). 


etiacn tea here 


| 
ei @ |G or MG or OG cos(@ - ) < 2 Vrms. This is an 800 Hz signal and is detected at 
a the output of the ladder amplifier (see page HW-36}. 
Bea 
J @ +14 Vdc CDU power supply <(+8 Vdc. This signal is detected at the output of the 
E power supply. 
Ee G@ — gimbal resolver angle 


W — CDU read counter angle 
€rror code for IMU CDU FAIL 


PIPA FAIL 
@® No PIPA pulses for 312 microseconds. 
@ “+"and ’’-” PIPA pulses occurring simultaneously. 
@ No “+ and *’-” pulses for 1.28 to 3.84 seconds. 
OPTICS COU FAIL 
Same as IMU CDU FAIL with the exception that there is no coarse error signal. 
RR CDU FAIL 
same as {MU CDU FAIL. 
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AGC/LGC Warning 
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The AGC/LGC Warning light will be turned on as a result of the following: 


Scalar Failure 


E yams, nares: 
ee ee ae 


e 
att 4 e Scalar Doudle Failure 
ae: e AGC/IGC. Power Failure 
Bil e AGC/LGC Counter Failure 
Adi » AcC/LGC V FAIL (STANDBY) 
a e AGC/IGC Restart (@ardvare) 
2% i In addition, the Pulse Torque Power Supply Inhibit ie generated every time a AGC/IGC Warning ie generated. 
4 i The effect 1s to open up the accelerometer loops and prevent any pulee torquing of gyros. 
oa 
5 i! i Scalar Failure 
ae 
Be P @ccure if Stage 17 of the scaler fails to produce pulses. This is the 1.26 second period ecalar stage 
| and thus a check of timing for all alarms. ‘This failure causes iomediste turn on of the AGC/LGC Warning 
i; | light. 
q : 
ay Scalar Double Failure 


Occurs if the 10® pulse per second stage {.010 second period) operates at 200 pps. This provides a check ee): 
on the ecalar stability. Bete 


AGC/ LGC Pover Failure 


Occurs when the prime +28 VIC power to the computer is lost. This failure causes an immediate turn on of 
the ACC/LGC Warning light. 


epee ee 


ee ee 
oe 
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Counter Failure 


Occure if counter incremente happen too frequently or elee fail to happen following an increment/decrenent. 
request. “Too frequently" means continuous counter requests and/or incrementing from .625 to 1.875 
milliaeconds. 


Examples of cowtere are: 


acc/LcC input/output, (Time 1 and Time 2), 2 CW X, Y, 2, PIPA X, Y, 2, 
ehaft and trumpion angles, Rate Hand Codtrollere R, P, Q, etc. 


4 ; AGC/LGC Voltage FAIL (STANDBY) 


ot The occurrence of a Voltage Failure while the computer is in the STANDSY mode will cause the AGC/LGC 
atk le Warning Jight to be turned on. The causes of a Voltage Failure are given below in the RESTART section. 


il 

‘an | 

al i RESTARTS [aera 

| IL a 

| i A RSSTART (hardware) and subsequent AGC/LGC Warning is generated for the folloving alarms: a 

HS ° Oscillator Failure 

Bf e Transfer Control (1) Trap 

A a e Parity Alarm 

Bi » WNightwatchmen Fail af 

Bre - Interrupt (RUPT) Lock ee 

Bs! i ~ Voltage Pail a 

Bai ii 

BP i Tne RESTART inbibita access to mewory teaporurily, freezes the computer, stores in process information 

of i and then trasesfere control to address 400®. ‘Tie address has the information address for the next 

Wy I instruction after a RESTART that the software programmer hee provided. 

at || ] 

“i lit é | ' 

Ai) | i Jn general, the programmer hae chosen some particular point in a program to resume operation after a ne 

HI RESTART and operation continuse with only emell inconsequential loses of information of time and/or | eae 

Bi thrust. Lila 

es its hy 

i Hi Oscillstor Fail E's 

By |i} ie 

‘4 Iti Occure if lose of osci)letor 1.024 milliseconds square wave happens. In addition a logic circuit insures Wap 

4 i a RESTART condition for a 250 millisecond fntervel upon trensferring from STANDBY to OPERATE. 

BE Transfer Control (TC) Trap Ly 

q Fi Occurs +f too many or too fev TC inatructiona are requested. The period for “too many” or “too fev" is J 

aE from 5 to 15 milliseconda in duration. ‘ 

fab Occure if any accessed vurd in fixed or erasable memory whose address ie 10, or greater contains an even be 

: number of “ones." All locations of 10, or greater are stored in fixed or eFasable memory witb odd parity. e 
itt 
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Nightwatchman Fail 


Occure if the computer should fail to access address 67 within a period whose duration varies from 0.6% 
to 1.92 seconds. 


Nightwetchman assures that the computer is still operating during an extended idle period and is not tied 
up in same interrupt loop, 


Interrupt (RUPT) lock 


Occurs if an interrupt is either "too long" or "too infrequent." ‘The time period for "too long” or 
"too infrequent” varies from 140 milliseconds to 300 williseconds. 


Voltage Pail 
occure if the aAGC/IGC voltages (+28, +14, or +% VIC) are out of limits for 157 to 470 microseconds. 
These limita are: 

e +28 VDC euppiy <22.6 VDC or 28.3* VIC 10.2 VIC 

e +16 VIC<+1h VIC supply >+12.5 VDC 

+ +4.&% voce & voc supply >+3.65 VDC 


#Iwo types of modules are in existence. Each computer has 
ite own particular module. - 


When the computer is in the OPERATE mode a RESPART is generated for Voltage Fatls. If the Computer is 


tn the STANDBY mode, the Voltage Fail is processed through the warning filter to turn on the AGC/LGC 
Warning light. 


All of the signalts with the exception of Scalar failure or a prime power (+28 VDC) failure are processed 
through a buffer filter that prevents momentaxy transients from generating failures. 


Tne filter operates such thet an output will occur if input pulses occur at a rate of greater than 
0.9 pps or 6 consecutive stretched (160 williseconds) pulses occur or a single event longer than 
-960 seconds, then the AGC/IGC vwerning lests for a minimum of 5 seconds. 


V35E - Test Lights 


i The computer has a test light routine, called by V35E, that teste all the lights on the DSKY. All 
"8'g" and "+" eig@ns are displeyed along with each light turned on for 5 seconde wininun. 


1 After the 5 seconds are completed, the lights sre turned off. Hote that this verb aleo turns off the 
Pulse YorQue Power Supply which then causes the PIPA loops to open for approximately 5 seconds. This 
E should be avoided if possivle. The routine can be called when ISS operate is aot on. 
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